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Foreword

Tropical Latin America, like other devzlopmg regions of the world, is struggling
against the crushing, interrelated problems of poverty. hunger, malautrition and
inflation—problems that have been complicated by unprecedented urban expansion as a
result of rapid demographic growth and migration to the cities from rural areas. Increased
agricultural productivity is an essential component in the alleviation of these problems,
Those who remain in the rural areas must produce more, not only to improve the standard
of living of their own families but also to feed the growing percentage of people engaged in
nonagricultural activities.

The combination of rapidly rising population and increased purchasing nower is
expected to result in an annual increase of 3 to 4 percent in demand for food during the
nexttenycars. Unless food produvction rises at an equally rapid pace, growing inflationary
pressures on food products can be expected. This can only create additional hardships on
tae lower income segments of the population who spend most of their income on food and
who need to improve both the quantity and quality of theii food consumption in order to
overcome serious malnutrition.

Impressive progress has been made in agricultural production; however. this has heen
nullified by demographic growtk. In Latin America, CIAT's major ares of responsibility,
population is currently estimated to be increasing at the rate of 2.9 percent yearly. In the
world as a whole, agricultural production has advanced at a slightly more rapid pace thap
population during the past 20 years, but the distribution of these increases has been
disastrously uneven. The tropical, developing countries who have sustained three fourths
of the population increase,have achieved only one fourth of the increase in agricultural
production. A look at the map will readily indicate that most of the world’s hungry
nations are located between latitudes 30 north and 30° south. Agricultural production in
this area, in spite of warm weather permitting vear-round cropping, is increasing less
rapidly than population. In these parts of the world, there are technological obstacles to
production, the solution of which is vital to all mankind.

Continuation of past trends is unaceeptable. A great part of the increases in production
in the past has been brought about by expanding the amount of land under cultivation
and by using more purchased inputs. The shortage of land that can be brought into
production without large investments. the rising costs of fertilizers and pesticides, the
need to lower production costs in order to minimize inflationary trends. as well as the
urgency of the situation, require that new technology, which will make possible dramatic
increments in productivity. be developed and made available to farmers,

CIAT, as an international agricultural research and training center dedicated to the
improvement of human weifars through increased food production in the tropics, can
contribute to this urgent need. It must be emphasized, however, that CIAT is only one link
in the chain of institutions required to accomplish this important task. The national
institution is the key in the adaptation and delivery of new technology developed at the
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international level and in providing feedback regarding local needs and problems. CIAT
is, therefore, working closely with national agencies in the development and testing of new
technology and in training with the purpose of developing specific skills, as well as a sense
of urgency. in the development and delivery of technology at the national level.

CIAT expects to benefit both the rural and urban poor by developing new technology
that will increase food production without raising costs. It is essential that this new
technology developed at CIAT increase production at lower unit costs ar.d require 4
minimum use of purchased inputs. It must be economically viable, socially acceptable and
biologically suitable under the conditions of low resource farmers.

‘Substantial progress, described in detail for each prograni in this report, was made
toward the achievement of these goals in 1975.

Research and training highlights

In regional cassava variety trials in farmers’ ficlds at nine ccologically different
locations. ranging from 10 to 1.450 meters in altitude, and without the use of fertilizer,
insecticidz or fungicide, CIAT selections yielded an average of 30 tons| ha, as compared
with an average vield of 18 tons|ha for the lecal varieties. These results indicate a great
potential for improving cassava yields by varietal improvement without the need for
costly purchased inputs. There are strong indications that resistance to economically
important pests can be bred into future hybrids. Evaluation of a natural infestation by the
Oligonychus spider mite in 1.884 lines in the germplasm bank indicated that 427 lines were
resistant. Furthermore, evaluation of 45 lines by artificial infestation with Mononychellus
sp. revealed several lines with good intermediate resistance.

There is also optimism that the nitrogen fixation barrier. which has so far limited this
very useful process in beans, can be broken. Some variety| culture combinations have
nroduced considerably higher levels of fixation than those previously recorded for
Phaseolus vulgaris. Another development that points the way to future higher yielding
pbean hybrids is the discovery that high bean yields and high rates of nitrogen fixationare
closely correlated with the length of tne growing period before flowering.

In 1975 important advances were made in the building of a germplasm base for the
develop.nent of legume-based pastures to increase beef productivity substantially on the
vast, but infertile, allic savanna soils of the tropics. Additional collections from Brazil,
Colombia, Guyana and Venezuela increased the number of total Siylosanthes spp.
accessions to 570. Although Stylosanthes still appears to offer great potential, grazing
trials demonstrated the serious damage that stemborers and anthracnose leaf disease cun
inflict. Fortunately, sources for resistarice to both have been identified in the germplasm
collection.

Swine feeding trials demonstrated that simple diets based on whole grain sorghum
produced almost as good results as the best diets utilizing ground cercals. This should be
particularly useful to small farmers who wish to feed home-grown products to swine and
do not have access to grinding equipment or capital to purchase it.

CIAT's agricultural engineer recently completed and tested a prototype 24-inch
diameter axial flow pump. This simple pump, driven from the power take-off of a tractor,
delivers approximately | cubic meter per second against ¢ head of up to 1.8 meters. Sucha
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fow-lift, high volume pump, which can be reversed to move water in cither direction,
appears - eal for irrigation and drainage in many of the seasonally flooded areas of South
America, where even limited water control could greatly reduce crop losses and provide a
tremendous potential for rice production.

Substantial progress was made in the trend towards training production and rescarch
teams for specific countrics. The first experiment, combining this philosphy with the
transfer of the practical training phase of the livestock production training course to the
home country of the trainees, was highly successful. Eleven Paraguayans spent seven
months on selected ranches learning practical skills under the supervision of CIAT and
Universidad Nacional de Asuncién staff,

Organizational developments

In addition to these achievements in research and training, there were a number of
organizational developments designed to enhance the advancement and transfer of
‘technology. Through workshops, procedures were outlined for the cooperative testing of
new bean and cassava varieties and the establishment of the Latin American bean
network, where CIAT will provide training, germplasm and consultation services under
the overall guidance of a Bean Technical Advisory Committee,

A mechanism for validating technology under real farm conditions was incorporated
into the individual commodity programs in 1975 through the establishment of cutreach
production specialist positions and the assignment of full-time economists to each of
CIAT's major commodity programs.

The CIAT administration has been reorganized to replace a single Deputy Director
General with two high-level positions: Associate Director General (International
Cooperation) and Associate Director General (Research). The assignment of a full-time
staff member at this level to international cooperation ensures an expanded effort in
strengthening relations with national programs and in the transfer of technology.

International cooperation

Three Rockefeller Foundation-funded CIAT staff assigned to the Instituto de Ciencia y
Tecnologia Agricolas (!CTA) in Guatemala, as well as a number of Guatemalans who
completed training at CIAT, continued to contribute to the development of this
innovative organization. Most of 1CTA's trials of varieties and cultural practices are
conducted in farmers’ ficlds. In 1975, 229 experiments and 562 field trials were conducted
with farmers in five selected regions in Guatemala. A five-year plan was drawn up for
expansion of this type of work in Guatemala.

CIAT staff traveled extensively in Latin America in 1975 to establish cooperative
programs and provide requested consultant services throughout the continent. Such
travel involved 777 man-days of consultation in the following countries:

Argentina Ecuador Panama
Bolivia El Salvador Peru

Bravil Guatemala Puerto Rico
Chile Honduras Venezuela
Costa Rica Mexico

Dominican Republic Nicaragua
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The Director General and the Associate Director General for International
Cooperation visited mcsi of these countries to discuss increasea collaboration between
CIAT and national programs.

Administrative developments

In 1975 the CIAT Board of Trustees welcomed two new members: Dr. Luis Paz Silva
(Peru) and Dr. Victor Oyenuga (Nigeria). During this year the terms of office expired for
Dr. Roberto Meirelles de Miranda (Brazil), Dr. Fabian Portilla (Ecuador) and Dr. Philip
Sherlock (Jamaica). In acdition Dr. Moisés Behar Alcahe (Guatemala) found it necessary
to resign as a Board member due to his new responsibility as Chief of the Nutrition Unit
at the World Health Organization in Geneva. At its annual meeting in 1975, the Board
elected the following new members: Dr. Paulo de T. Alvim (Brazil), Dr. Almiro
Biumenschein (Brazil), Dr. Matthew Dagg (United Kingdom, working in Nigeria) and
Dr. Werner Treitz (Germany).

This year CIAT lost the services of several members of the senior staff who had
contributed greatly to the establishnient and execution of CIAT's programs in its
formative years. These were Dr. F.C. Byrnes, who moved to New York to become
Director of Research and Training in the newly formed International Agriculturil
Development Service; Dr. Peter Jennings, who also moved to New York to become
A.ssociate Director for Agricultural Sciences of the R ockefeller Foundation; and Dr. J.H.
Maner, who moved to Salvador, Brazil, where he will head up the agricultural aspects of
the Rockefeller Foundation’s cooperative program with the Universidade IFederal da
Bahia.

CIAT welcomed the arrival of Dr. Kenneth O. Rachie, iormerly Assistant Director and
Leader of the Grain Legume Improvement Program of the International Institute of
Tropical Agriculture in Nigeria, as its new Associate Director General for Research. Dr.
Anthony Bellotti was also welcomed as « new senior staff entomologist in the Cassava
Program, having been promoted from a postdoctoral position. Mr. Jesis Cuéllar was
promoted to Executive Officer from his previous position as Head of Human Resources;
and Mr. Alfonso Diaz, Station Superintendent, was elevated to the senior staff level,

CIAT considers that the basic foud situation, particularly in Latin America where our
major effort is concentrated, is urgent but not hopeless. The results now beginning to
emerge from our young program are exciting, and mechanisms have been established to
transfer these findings to national programs for adaptation, validation and delivery to
farmers. By focusing our efforts on those areas where international centers have the
greatest comparative advantage, by adhering to the principles of complementarity and
cooperation with colleagues in national programs, by orienting our efforts to the
important rather than the interesting, and by maintaining a multidisciplinary effort to
solve important production problems, CIAT is optimistic about making significant
progress. We expect that these achievements will contributesubstantially to the solution
of basic human problems and bring about increased welfare and human dignity to many.
Our staff of outstanding scientists from 13 nations isdedicated to this task. The resuits on
the pages that follow give us hope.

John L. Nickel
Director General
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Climatological data for
four CIAT research sites

CIAT scientists conduct primary
research at four centers in Colombia: at
CIAT's headquarters near Palmira; at the
Turipand and Carimagua research stations
of the Instituto Colombiano Agropecuario
(ICA); and the Popayan research station of
the Secretaria de Agricultura de! Cauca. In
addition, testing is done at many other
locations throughout Latin  America.
Summary data on temperature, rainfall
and edaphological conditions at most of
these stations are listed in the individual
reports of the Beef, Bean. Cassava and
Maize Programs reprinted from this
comprehensive Annual Report.

In this section are data for long-term
monthly temperature and rainfall averages
at the four primary locations in Colombia.
Data for the Turipana station is from the
station itself; data for the other locations
are from adjacent (Popaydn and CIAT) or
ncarby (Carimagua) weather measuring

stations.  Detailed data for other
climatological factors are available for a
long period at ICA’s Palmira station. This
data provides a comprehensive picture of -
conditions under which much of CIAT’s
primary crop screening work is conducted.

Palmira

The climate at Palmira, in the Depar-
tamento del Valle, represents a typical
equatorial upland environment with a
bimodal rainfall distribution (Fig. 1). The
comparativety low inean annual rainfall is
due to the orographic ffects of both the
castern and western Cordilleras of the
Andes. Negligible seasonal mean
temperature variation strongly contrasts
with strong seasonal variation in rainfall.
The two dry seasons are normally short.
July and August are the driest menths with
NE winds predominating.
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Figare 1. Monthly means of several climatologizal
Tactors for CIAT, Palmira (meteorological station at
1CA research station, Palmira, Departamento del
Valle: Lat, 331N, Long. 76°19°W; altitude 1.001
meters). ’
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Popayin

The climate at the rescarch site near
Popaydn, in the Departamento del Cauca,
is also representative of equatorial upland

“climates in other arcas of the world (Fig. 2).

The bimodal rainfall distribudion is quite

similar  to Palmira although rainfall.
particuiarly in the second wet season, is
much  higher.  The lower ambient

temperatures directly reflect the higher
altitude.

Turipana

The climate at Turipand, in the Depar-
tamento de Cordoba, is strongly represen-
tative of other lowland tropical e¢n-
vironments  with a unimodal rainfal
distribution at sub-equatorial latitudes
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Figure 2. Monthly mean  precipitation  and
temperatures  for  Popayin  research  Jocation

(meteorological station at Estacion José Maria
Obaudo, Federacion de Cafeteros, Departamento del
Cauca: Lat, 227N, Leng, 758035'W; altitude 1,850
meters),



(Fig. 3). The higher mean temperature is a
direct reﬂectio’n of the lower altitude.

Caritzagua

The tropical savanna climate at
Carimagua, Departamento de Meta, is
typical of inland regions in the equatorial
and sub-equatorial zones with a4 mere or
less unimodal rainfall pattern, strongly
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Figure 3. Monthly mean precipitation and

temperatures for Turipani (meteorological station at
ICA research station, Turipand, Departamento de
Cordoba: Lat. 8N, Long. 76°W; altitude 13 meters).

contrasting wet and dry seasons, high wet
season rainfall and higher temperatures
during the dry season (Fig. 4).
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Figure 4. Monthly mean precipitation und
temperatures for Carimagua area (meteorological
station at Estacion Las Gaviotas, Centro de
Desarrollo Integrado, Comisaria de Vichada: I.at.
4°30°N. Long. 70°40'W (approx); altitude 150 meters).
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Beef production systems

HIGHLIGHTS IN 1975

The overall objective of the CIAT Beet Cattle Production Systems Program 1$ to
develop economicaily viable teechnology to ineredse beef cattle production in the lowland
American Fropics. Principal attention is given te the intertile allic soil savanna lands
which cover anarca of approximately 300 million hectares. Itis estimated that one-half of
the 150 million head of cattle found in the American lowland tropies are located in these
allic soil areas.

Primary rescarch emphasis s on improving the nutrition of beel cattle through the
development of legume-based pasture systems. Supporting rescarch is conducted in
anima! hushandry and animal health leading to integrated beet cattle production systems.

Principal field research is carried out in the Colombian Llanos. This includes work at
the Carimagua statior: o the Tnstituto Cotombiano Agropecuario (ICA). and also on
private farms and with the Caje Agraria. Additional ficld rescarch is under way in the
North Coast of Colombia. with the colluboration of ICA, the Caja Agraria and private
farmers. Supporting ficld aad laboratory rescarch is conducted at CIAT and other
locations in the Cauca Valdiey,

Training tor rescarch workers includes insservice training and realization of graduate
student theses. Livestock productior specialists receive classroom and laboratory
instruction at CIAT and ficld training on private farms. Technical assistance is provided
1o university training programs,

Major rescarch and training highlights of the program are:

The CIAT Forage Germplasm Bank is now a working collection of international scale.
The bank contains some 1.200 accessions, including 570 accessions of Stylosanthes, the
predominant leguminous genus of cconomic importance in allic soil savannas.

The Stylosanthes screening and evaluation project seeks to identify high yielding,
persistent cultivars adapted 1o allic soils and resistant to anthracnose (Colletotrichum
glocosporioides Penz) and stemborer attacks. Regional trials were initiated in Brazil to
evaluate stylo germplasm. In these tests, CIAT varieties gave the highest dry matter yiclds
and anthracnose resistance ratings,
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Seed production of potentially useful accessions of Stylosanthes, Centrosema and
Desmodium species has adrv-nced in terms of seed produced and distributed and in new
production areus estibilhed.

Excellent establishment of Centrosema pubescens and  Desmodium mforium in
Yangola pasture was chtained by seeding in strips following band application of
glyphosate, to kill grass in the strips,

In native grasses, no advantage was shown for sequential burning of separate plots at
cight different times throughout the year as compured to burning the entire area at the
beginning of the dry scason,

Cattle grazing Brachicria decumbens pastures had considerably higher weight gains
than cattle grazing Hyparrhenia rufa, Meliis mimatiflora, and Paspalum plicatudum
pasture.

Ure of cassava forage as a protein supplement for Jow protein, elepheat grass based
diets improved growth rate and feed efficiency of steers,

Prevalence studies for breeding diseases. hemoparasitic diseases and cctoparasi‘es were
carried out in four tropical arcas of Colombia, three of them as training exercises.

Interpretation of the results of the animal disease prevalence studics was started in
terms of econemic impact to the farmer. Cost|benefit studies of discase control were
started with anaplasmosis an- babesiosis, and model simulations were made for
comparison of control strategies for foot and mouth discase.

Simulations of varving size cattle units indicate the importance of reducing total
investment in the establishment of improved pastures, by limiting the amount of
improved pasture to that needed for the critical phases of the livestock production cycle,
and by reducing establishment costs.

Phosphorus and trace mineral supplementation of cattle grazing native grass pastures
has increased calving percentage by 44 percent. Early weaning of calves at 80-90 days of
age has increased calving percentage by 43 percent and reduced the rebreeding interval by
4.5 months.

Training was provided this vearfor & postgraduate interns, 13 special trainees, 7 visiting

research associates conducting their doctoral rescarch, 3 research scholars and 20
livestock production specialist trainees.
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ECONOMICS

Variations in  cattle  production and

nroductivity in Colombia

wnvestment behavior in the hivestock
mdustry in Colombia was studied in order
to measure the dvnamics of response to
changes in heef and milk prices. credit
volume. ete. as theyv atrect slaughtering and
herd size. Maorcover. an explanation was
sought for the annual viuiations in the
percentage of females slaughtered. many of
which were pregnant. 1t was necessany to
reestimate herd sizes according to age and
sex for certain periods of time. Although
some data vere available for Colombia.
they seemed unreliable.

Table | summarizes some of the results
of the series compiled by CIAT cconomists
for the 1940-74 period. Technological
parameters  based  upon  rescarchers
opinions and other beef cattle studies were
used in its preparation, The decreuasing rate
of improveme... of these parameters cor'd
be partially explained because of regional

cattle displacement toward arcas with
poaurer soil. The stability of the rate of
extraction (estimated at 12 pereent) is
mdicative of the steady state of herd
productivity between 1940 and 1974, As
comparisons, the 1970 extraction rates in
Argenting and Brazil were 23 and 15
percent. respectively.*

The second stage of this work, which is
stll being developed. will heip in explain-
my the behuvior of herd sizes and slaughter
over i period of time.

F.conomics in relation to animal health

During 1975, the  development  of
methodology for the cost-benetit analysis
of vanous levels of footand mouth disease
control in Colombia continued,

The first stage of this investigation, done
Last year, consisted of estimating tosses per
tarm due 1o toot and mouth discase in
swine (197 1 Annual Report). This research
served as a basis fer developing a
* Por Colombaa, the slaugater data did not include
clandestine slanghter or illegal export activitics,
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Fable 1. Variations in beef cattle herd sizes, calving and mortality rates and proportion of males and females
slaughtered in Colombia,
Average annual rats of:
Shaughter of
inerease mnereigee reduction in temales as
in herd in calving mortaiity oot males Extraction
Period size (1o} rate (77) rate () slaughtered riate (¢)
* *e
1940-49 (.6 22 -0.9 222 65.0 12.0
1950-59 kR | (.5 -0.2 0.5 660 12.0
1960-69 24 0.3 -0.3 -0 390G IR
1970-74 (i Hex
S Uethe older than |acat
e Cattle younper than 1 yeat
*or bapure for 1970
microeconomic  simulation  model  country, as wellas underditicics: methods

applicable to beef cattie, making it possible
to study losses at the farm level. As part of
the methodology, CIAT's animal health
team designed an epidemiological model of
foot and mouth disease occurrence for
endemic regions (Fig. 1), The uanit of
observation is the beef cattle population of
a region., distributed in  nine
epidemiological categories (xi). Categories
are interconnected by i series of relations
"at involve animai  flows from one
category into aaxother (Fij). Solid lines
show the direction a sick animal may tuke
inanendemic arca where there are periodic
ourb.eaks of toot and mouth discase.

This analysis was expressed as a4 com-
puterized mathematical model by
cconomists  with  the aid of CIATS
biometries team. The model was developed
in stochastic and dynamic terms, using
Markov's theory of stochastic processes.
Flows were represented by probabilities of
transition (Pif), which indicate for cach
stage of the discase the fraction of animals
that arc transferred from class i to J, as a
proportion of the total animals that leave
class 1.

The model makes it possible to predict
the natural course of the discase for a
period of time in an endemic region or
A-4

of control. Thus one can apprio-. relative
merits of each control method by es-
timating concomitant cost-beneitt flows,

The economics of massive and pertodic
preventive vaccination is considered as a
possible strategy and a set of transitional
probabilitics, different from those used 10

describe the natural evolution of the
disease  without this vaccination, was
defined. An additional flow  between

susceptible and resistant animals appears
for this strategy (dotted line in Figure 1)
The magnitude of this flow depends upon
the nercentage of the population vic-
cinated against Joot and mouth discase and
the efficiency of the vaccine in relation to
the degree of immunity, Ttis assumed that
the starting point for the vacecination
model 18 a lcug-run, stable endeme
situation, in which there are no other
interferences in the natural course of th

disease. The selected unit of time was on.
week because it was the minimum commoo::
denominator in relation to the lengih o
cach stage ot the disease. The application

of Markov's processes makes it possible to
simulate the proportion of amimals in cach
cpidemiological category throughout the
period of time until the new long-term,
stable balance is reached by means of a
massive vaccination plan. The model
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Fieure 1. Flow chart of the different epidemiological categories identified for foot and mouth disease inan

endemic region.

predicts the number of sick animals and
deaths per week. The same model is
applicable to alternative strategies.

Economic losses associated with cach
alternative will be obtained from the
simulatior microeconomic model. In other
words, the epidemiological model will
make it possible to evaluate losses at the
regional (or national) lcvel, using cs-
timated losses per animal by means of
simulation analysis at the farm level.

Tables 2-4 show some preliminary
results  obtained by simulating  a
nypothetical vaccination campaign on the

Colombian  North  Coast,  using  an
epidemiological model  with Markov's

processes. This analvsis can be used to
examine  parameter  sensitivity  and
confidence levels.

Economics of beef production systems

As a continuation of the project describ-
ed in the 1973 and 1974 Annual Reports,
some methodological elements were in-
cluded during 1975 and applications of the
model to a family farm prototype and to
large-scale ranches operating under con-
ditions similar to those represented by the
Carimagua region were carried out.
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Table 2.
foot and mouth vaccine.

Long-term estimates of the number of susceptible and discased cattie in relation to the efficiency of

Vaccine efticieney (1)

S 70 75 50 L3
(N 11,0005
No.of suseeptible
animils 2,354 2.2 2,125 2,026 193
Annual morbiduy 240 204 170 13y tos

Assnmptions 90, Gcemated. Vannual Yacanthiet ccies S0

amd mouth discase outhreai)

As regards methodology during 1975,
emphasis was on risk elements such as
calving rates, cattle price fluctuations and
pasture establishment and longevity. The
results reported below include only the
probability treatment of calving as the
other risk elements are still being analyzed.

Family farm prototype

The simulation of alternative produc-
tion systems was conducted with data
collected at the family farm unit on the
Carimagua station.*

The main restriction set on the farm was
a maximum herd size of 36 cows, which
was estimated to generate a family income
of at least US $400 annually. Table §

* A desenption of the development and facilitios of

the Lamnly Lom umt o the 1973 Annual Report

Table 1

tate obattack and an outbreah evert Svears i

Long-term estimates of the number of suseeptible, sick and carrier

28 prabubibae aran ansad o 1

summarizes some of the possible systems
analvzed.

Basically, systems with or without
improved legume and grass pastures were
compared. For systems without improved
pistures, management is being intensified
by practices such as carly weaning, feeding
of complete minerals, technical assistance
(especially in animal health), investment in
stock waterers, ete,

To determine technical coefficient levels
and variations within prevailing systems, a
survey  of  the  area s being  done.
Nevertheless, on the basis of farm visits
and sccondary information. it is known
that the prevailing systems vary in produc-
tivity coetficients and that there are farms
represented i cach of the first three
systems deseribed in T: 5] 5, Technically
speaking. case 4 is also feasibie on the basis

animals as a percentage of a

pulation vaccinated against foot and mouth diseasc.

Vacamated population (¢7)

St 60 70 S0 90
(N 10,000)
Nooof suseeptible
animals 292 2.586 2328 2013 1.936
Annual morbidin 412 M2 RRN 156 108
Nao ot carrers 191 147 R 83 58

Assumpions NS

A0

vavaneammamty U veemation acles cach vear, 4 S0

¢ tate of attack L an outkoeak cien 4 svars



[abte 3.
foot and mouth disease outbreaks.

Long-term estimates of the number of susceptible wnd sick animals in relation to the frequency of

M oouthicak every:

s RIEWORTIN ARYHTRS [SETHEN
N 1000y
Mool suseeptible
anumals 1930 1936 1.890 1943
NMunual morbidits (R 10N SN N
N oo carners Tl SN ) NI

Venrptions W vaocputed 2o
of previous experimental resubts. There are
good  probabilities  of  adopting  the
management improvements of case 3.
which would help spread that system,

In the case of improved pastures, pasture
management has been varied to change the

oo anmunn, Uaacooator s

percentage of the farm's total area with
improved pastures. Cases S and 6 have 50
hectares of improved pastures, and cattle
are vaccinated and fed 25 kilograms of
complete minerals per AU peryear, These
practices result in high calving rates (70
pereent) and make it possible to sell mates

fabte S Simulation of alternative production ssstems for the Carimagua famity farm.!
\unital
At Fuotal net neome”
Cualving il thooo T Ng Rate
lotal Improved rate Martality nvestment” = of returnt
System tha) pasturer oy 0 t (L0 TSSE e 20 wear 7 )
Without improsved
pilstuie
1 Brecdung-Groswang St [t} 40 2.5 9.7 0 85 ()84 6.2
2. Breedimg-Growipg S 0 S0 7-5 9.7 0.55 120 N
3 Breeding-Grrowing - S0 t S0 S-2 9.7 0.63 | 3x 1.0
3 Breeding-Growing 300 0 (£l 5-3 10.4 046 121 7.4
With imiproved
pasture
5. Breeding-Growing 280 20 70 5-3 119 0.63 Ly 8.7
6. Breeding- attentng 250 20 70 5-3 1.9 .04 176 9.5
T Breedimp-Growipe 250 b i 5-3 0.8 6312 1 .4% 0.9
8. Breeding-Fattenmirg S0 4 10 §-3 X .25 151 (0]
9. Fatteming St 100 4 1.5 270 270 240
10, Fattening sty 100 4 13.0 240 240 IRy
AL prices for It quarter 0 17 et bend ol ¥ocoms plus sosnper atan s od boils, ceiept cares 2 g 1
Ineludes salue of carth
' Eaclades vatue of crops prodacal and oreure s tarm

¢ O the total invesiment

Tak g st consnderation pasture toh

Fabang anto canvderation pastate ted and donbie the cont of pasture establishment
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weighing 370 kilograms in about three and
a half years. If farm activities are to include
breeding, case 6 is the most profitable, with
50 instead of 20 hectares of iraproved
pastures,

The most interesting possibility appears
to be the plan of buying feeder steers for
fattening (case 9). On the basis of results
obtained in the first stage, the best
potential is in fattening steers rather than
in increasing reproduction or breeding
productivity. In other words, the invest-
mentand expenses required to reach a high
level of breeding preductivity by es-
tablishing improved pastures appear to he
unprofitable. An intermediate calving and
mortality level, which gives a relatively
more attractive return on income can be
achieved through management alone,
without improved pastures. Asindicated in
sase 9, legumie pasture is extraordinarily
attractive when dedicated to fattening
cattle only. provided the supply of feeder
steers remains at its present level.

As regards small ranches, the feasibility
of this technology should be examined
remembering the following factors:

1. The initial total capital investment
required to produce the predetermined
minimum income is from US $10.000 to
$12.000.

2. 1t is difficult ex ante to determine
quantitatively the extent that the resultant
family income is sufficient to cover not
only a competitive return on capital hut
also to cover the alternative cost of family
labor including administration.

3. The resulting internal rate of return is
quite sensitive to cattle prices. In Table S
for example. it cattle prices increase from
Col S10|kg (constant) to Si3|kg. in
addition to a I percent real annual increase
on the latter, the rate of return increases by
76.53, 84. 56, 63, 104 and 103 percent for
cases 1, 3, 4,5, 7. 8 and 9. respectively. In
other words, price variations affect both
the level and the profitability of systems.
A-8

4. In addition to the rate of return, cash
flow may be used to measure the success of,
a system. As an illustration, this situation
was presented for the <econd and seventh
years aninitial and  postdevelopment
period  but data are also available for
cach of the 25 years of eich series.

5. The rate of return on total investment
is presented rather than the rate on owned
capital (or financial rate). althouek the
latter is available. The reason tor ths
that although the latter is greater than the
former. it is not because of teehnology but
because of the subsidized intoroat rate.

6. Results are available tov ring
income return and productio: VIt
to variations in calving, mo, and
replacement rates, pasture lone o ete.

7. In an improved legune ure

sysiem, a 70 percent calving 1a1e ey be
lower than the real potential rates. The
maximum potential level has been og-
timated at 75 to 80 percent.

8. Herd size in a fattening, nonbreeding
system was determined on the basis tint
the total initial investment. including
animals, was equal to the case of breeding
on improved pastures. This requires a
pasture that will assure a minimum gain of
500 grams per day. so that 300-kilogram
animals are bought and sold within a vear.
weighing an average of 450 kilograms. 1'he
case analyzed was a S0-hectare farm with
allimproved pastures and 75 animals. w
a 4 pereent mortality rate,

Large-scale commercial ranches

The probable impact of alternative
psoduction systems on farm product
and economics for commercial farr,
approximately 5,000 hectares, locatee
the Llanos Orientales, was simulated -
model.  Three primary systems «
studied.

. The traditional system. The fco.
supply is based only on native savanu.



griss with no mineral supplementation;

operittions are limited to breeding and

reoving, seling 3- to d-year-old steers as

tecders, Hetfers enter breeding herds at the
cof 3oand calving ratesare from 42 to 50
cent,

2. The traditional system with complete
neral supplementation. The feed supply
the same as the first system except for
era Mor 27ke! AU vear supplement
A complete minerals "ae 1o er mineral
rate results incalving rates of 4y, 57 and 50
pereent, over three eveles. whil » the higher
mineral rate mereases calving retes to 43,
57 and 60 percent. Heiters ener the
breeding herd at the age of 3, and steers are
sold weighing 30 Kilograms more than in
the first svstenn. Compared to the tirst, this
svstem  requires  greater fevestments in
muanagement, teeders for the minerals and
stock waterers,

3. Imiproved pasture system. In addition
to the native savanna pasture, improved

legume  pasture s also available and
animals  receive  the complete mineral
supplement at a rate of 27 kg{ AU | year.

Calving rates increase from 59 to 70
percent. Eighty percent of the steers reach
market weightat 2 to dvears of age. the rest
arce sold at 3 to 4 vears of age. In the steady
stute. 1.3 hectares of improved pasture
were assigned per cow and her portion of
vounger amimals. whicn for all cows s
equal to 20 percent of the arca.

The pasture is established at a cost of
Col.51,600} ha; there is an additional
expense of Cobl.$25.000 for infrastructure
over the estimated costs for the mineral
system. These costs correspond to 1974
prices for inputs.

Each system began with cither 100 or 300
cows and their younger animals; the final
number of animal units was limited by the
farm’s stocking rate. Three beef price
alternatives were examined. Fach was
studied with and without a loan, cqual to
50 percent of the initial value of the

investment at real interest rates of O and 5
percent, respectively, payable in 12 years,
with a four-year grace period. Morcover,
loans from government organizations with
funds for livestock operations are analyz-
cd.

Results of large farm analyses

The results below do not include the
analysis of risk described in the introduc-
tion. Allsvstems analyzed include breeding
and growing and estimates have been
devetoped for a 25-year period. Growing-
fattening operations are included when
legume pasture is availible, These results
are vithd only at the relative prices
considered. Should  conditions of in-
frastructure  improve so  that relative
transportation  costs  decrease,  the
traditional system tends to become less
comipetitive,

Table 6 gives the rates of return to total
investment and the rates of return to
capital owned. The formeris a reflection of
the system’s benefits; the latter reflects the
cattle producer’s subsidy through credit.
On the basis of the interest rates considered
and the proportion of credit to owned
capttal (maximum of 50 percent), the
financial return for owned capital s
considerably greater than the cconomic

return, which could be a source of
distortion in sefecting  technology,  As
observed  carlier  when  comparing

cconomic and financial rates, credit sub-
sidies favor the adoption of improved
systems when they oblige cattle producers
to adopt a certain technology.

If the calving rate on native savanna
pasture is 42 percent, rates in simulated
improved systems are both economically
and financially advantageous compared to
traditional systems. Alternatively, if the
calving rate on unimproved pasture
svstems is approximately 50 percent, the
establishment of improved pastures does
not significantly increase income returns.
In terms of income returns, systems with
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Table 6. Income returns from simulated alternative systems on 5,000-ha cattle ranches in the Llanos

Orientales, Colombia, .

Internal rate of return:

on cattleman’s own capital
Initial on the total . with
herd size investment real interest at Fondo
System (no. cows) (%) 112 50 Cianadero

Improved pastures! 300 19.2 26.5 24.6 T
‘Traditional system (1-B) 300 17.8 27.2 24.1 PR
Improved pastures 100 16.4 21.0 19.2 154
Fradit onal system (1-A) 300 15.0 24.0 20.3 34
Mincral supplement (11) 300 14.7 20.7 18.2 20.4
Traditional system (I-B) 100 14.7 20.1 17.9 18,7
Mincrai supplement (1)% 300 14.4 20.3 17.9 la g
Mineral supplement (1) 100 13.2 16.1 14.9 14.3
Mineral supplement (11) 100 121 15.6 13.8 EN|
Traditional system (1-A) 100 12.0 17.7 13.7 15.4

! Calving rate of 59, 65 and 70t (3 yrars)
Calving rate ot S0¢;
! Calving rate of 7

! Calving rate of 45, 57 and 607 (3 sears) with 27 kg mincealy [ A U {year
s Calving rate of 45, 57 and S0¢5 (3 years) with 14 kg minerals | A U, | vear

mineral supplementation on unimproved
pasture have no advantage over no
- supplementation.

In the improved systen., income returns
were quite sensitive to changes in input
prices: therefore, the elasticity of supply for
inputs (fertilizers, tractor costs, seed, etc.)
will influence the rapid spread of the new
technology. Within the systems studied,
there are economies of scale in relation to
initial herd size. These can be interpreted as
each production system being more
profitable when an enterprise begins near
the level and composition of the correspon-
ding steady state herd.

If the low value of the land is considered,
the level of investment required for
improved pastures appears to be high,
compared to traditional systems. Thus, it is
important to use research to reduce costs of
improved pasture by varying management
strategy, reducing establishment costs,
using fewer inputs and adopting minimum
tillage.
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The alternative of fattening only was not
considered in thc improved system;
however, on smaller farms especially, such
a system is most advantageous if legume-
based pastures are available, as was
discussed earlier in the family farm
analysis.

PASTURES AND FORAGES

¥lant introduction

Systematic collection of forage legume
germplasm  was initiated with special
funding from the International Plant
Genetic Resources Board in 1975. An
extensive collection of tropical forage
legume genotypes was assembled from allic
soil savannas of tropical South America.
Regions explored include the Central
Plateau and Planalto regions of Mato
Grosso in Brazil, and Guyana, Colombia
and Eastern Venezuela.



whoerae was done in the allic soil
~eal South America (Fig.
s are within the 1.500-

A
afall regions. Soil pHis
3 i1 S and, sometimes, as
g vdominant exchangeable
R ~ivoftenaccounts for more
A aeentoof the exchangeable
faewth of cultivated crops s
Streted due to toxie etfects of
Braziinn Campo Cerrado is 2
Sddarty rich source of forage legume
splasm. This broad  geographica!
aon was traversed  along an east-

westfnorth-south  transeet from  Porto
Yo lho to Brasilia and Belem. The northeast
And subcoastal central regions were ex-
cored in the S, Luis| Fortaleza] Porto
wacional triangle and in Babia, The Gran
Sabana in Vencerzuela and the Rupununi
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limits of exploration in the allic soils
region.

Fifty-five legume introductions were
received from Ecuador and are now being
observed in the nursery. These matertals
were  collected  throughout  tropical
Feuador by staft of the Instituto Nacional
de Investigaciones Agropecuarias (INTAP)
and the University of Florida.

With this vear's accessions, the CIAT
Forage Germplasm Bank is a4 now a
working collection of international scale. It
contains some 1,200 accesstons, including
570 of Stylosanthes, the predominant
leguminous genus of cconomic importance
in athe sol suvannas, The majority of'new
accessions are varants and ecotvpes of S,
cuvanensis, 8. scabra, S, viscosa, S
capitata, S, hamata, S, humilis (Fig. 3),
and species of  Centrosema,
Calopogonium, Zornia, Desmodium and
Phaseolus.

s e

i

Equator

Fivwie 20 Routes of forage plant explorations in tropical South America, 1974-75,

A-11



Piviite 5 SOlosanthes accessions in (LA torage geemplasm bank are foom widely differing ccolugical
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Rapid  propagation  of  these new
- wdons by seed and vegetative methods,
- +he characterization and sereening for
i forage traits and insect and
cosistance s under wayv. Future
eolleeting will be planned on the basis
e evaluations, Feological regions
"ovielded promising material will be
Saied and thoroughly searched tor
Sronal genotypes.

cagation studies

cking adequate guantities of seed of
stvlo accessions, a mist propagation

hod was developed o produce suf-
snt matertal for prehiminary screening

N ruvanensis. The rooting medum

< sists of washed, fine river sand over
coarse sand with perhite as o muleh,
Woting is contredled by ancelectroanic leat

I he hasal 2-2.5 cm oof cuttings 20-25em
e were dipped tor tive seconds into 3
cadole-butyric acid (IBA) in solution it
Jither 1000, 5,000 or 10,000 ppm. Cuttings
w oo then planted cither S or 10 cm deep in

saedium, Cuttings receiving the 10,000

CIBA treatment and planted 10 om

sooted signiticantly better than the

ol eatments (Table 70 Figo 4 An

average of 93 pereent of cuttings receiving

the optmum treatments rooted and were
rewds for tunsplanting in 16 days,

N

cuttings planted ut two depths

Stylosantheses evaluation

The stylo screening and  evaluation
project seeks toidentity  high-vielding
persistent species and biotypes resistant to
anthracnose (Colletotrichum
elocosporioides Penz)  and - stemborer
attacks. Stemborer, tentatively identified
as o species of  the genus Zaratha
(1 epidopteri, Blastodanidace), a previousty
unrecorded stylo pest. is eausing serious
damage in stands at Canmagua, O 17
stvlo varieties established there, only one
(CIA T 191 was resistant to both anthrac-
nose and stemborer attacks,

Fwenty-nine of 105 new stylo accessions
were highly resistant when inoculated with
conidin in water and screened for anthrac-
pose  resistance in the  planthouse,
Prefiminary data imdicate the exi: ience ofa
higher degree of resistance among varieties
ot S scabra. Soviscosa, S, hamata and S,
capitarg than in the S0 guivanenris group
{ Tuble %) Resistant species and vatieties
are being planted  at three sites
Carimagna, Palmira and Santander  to
test respanses to anthracnose in the field,

Regional trizks to test stylo germplasm
adaptation were established in Brazit at
Campo Grande (Lat. 21°S) and at the
Federal Pxperiment Station. Planaltina
(Fat 167S). In Colombia, o new testing site

inie T Lffeet of three concentrations of dindole-bwyric acid (I8 Ay onroat production by S vievanen

S.om planting depth

10-ci planting depth

R Moan noe
mj

NMean root

Mean root
length (emy)

NMean no

Toots cuthnyg fonth e rants cutung
0 52 2.8 1Ly 15
1.060 1Y 4k 150 47
5.000 160 49 RS 6.7
10,000 7.4 94 (IR ad 5.0

Fwenty cipht o alter pianting

A abaes withit calrnns ate sptaboant iy dbopenr ar the

e vy ol

A-13


http:5.11(X)15.i1

Figure 4. Rooted stylo cuttings produced in mist Propagation heds in 16 days, using .-indole-butyric acid at
10,080 ppm concentration.

was established near Santander (Cauca) on Of 21 varietics of S, guranensis planted
a red-brown, acid (pH 4.9) ultisol witha at Campo Grande, five late- and three
high Al content (2.4 meq] 100 g). carly-maturing varicties had high

Table 8. Anthrac wse rectyance ratings of 105 accessions of Stylosanthes at CIAT,

No. of accessions that are:

Highly Maderately Highly

resistant resistiant Susceptible susceptible

(0-0.71)* (0.71-0.88) (0.88-1.05) (LOS-L1T)
S. guvanensis 7 34 14 2
S. hamara 4 b} 0 0
S. scabra 8 4 0 0
S.capitata ! 0 0 0
S viscosq 2 0 0 0
Stylosanthes . 7 8 | 3

. Aresintaanstormed satues of werghted means caleutated trom pereentage otleases atlected and severify seore of infection (= o infection; |

= apotvehmm; 2229 and o= SO o miore of feal arca atteeted.
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Table 9.

Regrowth yields of 145, yrvanensis varicties cut ten centimeters high after 28 duys.

Stubble teat

Dy matter vield

CIA L leinves +
dccession arca dry weght [eat:Stem feaves steins
no. tem: | plant)* (my | plant* titio (piplann (] planty
(RIQ 269,55 1.24392 RS SHu “ K9
G4A 24180 1.Oi7.42 RIRE R 763
t3s P37 934 60 272 S.63 7.70
6y MR S92 ARV} S04 6497
46 MERY) 1LOIs 17 24 491 743
191 20807 LU23.3S 280 RIS (OR8]
133 199 27 104590 RN 179 674
vl 194,24 1008 26 2587 4583 6,33
[R] IN9. 12 Q01 K8 283 .20 7.06
50 179.72 7452 296 A 6
73 i76.93 N80T o 4.39 6.50
126 170,12 691.56 263 340 747
15t I3 15 ERRICA 103 S50 743
77 14876 TNN.72 204 164 6,96
LSD (P 08y = 5242 24123 0.5 0 s2 0HR3
* Muasnrad bonw e Gt s et on s
oot N PRI PO TR at g e it gt

resistance to anthracnose. The Australian
commercizleultivarSchoficld.included as a
checek, was severely atfected by the fungus,
At the end-of-scason haivest in May,
CIAT varieties 20063, 135 and 136 had the
highest dry matter vields and anthracnose
resistance ratings.

At the Planalting stavon 18 stvlo
varictics  under  observation  were  not
affected by anthracnose  whilst  the

Brazilian commercial variety 1022 in a
ncarby ficld was severely infected.

Growth characteristics of 14 8 guvanen-
sis varieties were studied at 5 and 10 ¢em
cutting heights. After 28 days regrowth of
all varieties was signiticantly higher in the
10 ¢m cutting treatment. Varietal
differences were shown in leal wrea and
weight remaining after cutting and these
parameters were correiated with regrowth
yield (Table 9, Fig. 5).

Aluminum toxicity in Stylosantheses

Aluminum tosicity in allic soils can be a
major prablem for nontolerant species. A
preliminary experiment in the greenhouse

l;; Yo bt P ey oty TTLY

N bxd
; Nopn. 1
13 * e
S : L ]
a1
= B ! REIT I S s
o2 i
2 |
- P
i
P
= 5
e i
o i
< I S g b
A

[ SRR SOPUY TOIY SRSV SN SN

TSP S SO HOUN SR A
2030 40 50 60 70 %0 90 100

Restdual feat area cm?

Figure 50 Relationship between residual leaf area
helow 10-cm cutting height and dry matter produced
by S puvanensis and S0 cabra accessions in four
weeks,
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accessions to enable their extensive evalua-
tion. In 1975 new production areas of
legumes, especially Stylosanthes spp. and
Centrosema spp. have been established,
‘The unit has received harvesting and
processing machinery which should greatly
incresse seed production capacity and
efficiency.

Stylosanthes guyanensis

Two sceond-year stands of CIAT |8
totaling 1.2 hectares were hand-harvested
at Palmira and vielded an average of 60
kg [ha of scarified pure seed. The essential
Iy manual svstem of harvesting  and
processing the seed required about 70 man-
days|ha.

At Palmira an 0.8 hectare arca of CIAT
136, witha density of 5,500 transplants| ha.
vielded 160 kgl ha of scarified pure seed.
Harvesting was between December and
February with peak vields recorded in
carly January.  Average plant age ut
maturity  was  cight months., Only 10
percent of the plants regenerated so the
arca was discontinued. Similarly pop-
ulated plots of CIAT 184 and CIAT 64A
yielded 48 and 11 kg ha. respectively, in
April. High soil moisture and  weeds
atfected vields of these plots.

First-vear stands of several accessions at
Carimagua produced only 15 kglha o
scarified seed. Yields were the same in both
the normal January harvesting season and
also i March following limited dry season
irrigation,

Some 20 heetares of CYAT 136 have been
extablished from sced at Palmira and
Carimagua. These arcas are almost mature
and will be combine harvested carly n
1970.

Weed competition is severe at Palmira.
The pre-emergence herbicide DDNBP has
been used at planting  but repeated
mechanical — cultivation  and  manual
weeding are also required. A bud worm.

A-18

Stegasira bosqueella (Chambers),
(Lepidoptera, Gelechidace) is a serious pest
at both Palmira and Carimagua and
requires control measures. More definition
is required of minor element requirements
at both locations. As demonstrated at
Palmira. the woody mature plant base of
CIAT 136 does not recover rapidly after
cutting and this will reduce the productive
life of sced arcas, At Carimagua stand life
is also seriously reduced by a buildup of
stvlo anthracnose and steraborer,

Stylosanthes hamata

Fourteen accessions of 8. hamara were
established in small plots at Palmira.
Average vield was 135 kueiha of pods at
first manual barvest.  One  hundred
kilograms of pods have been produced.

Centrosema sp.

Fwo b= lines of the hybnd ¢
bravilianum X C. virginianum are now
established at Patmiva. A bumboo and wire
trellis svstem has heen constracted over
this 1S heetare areas The st harvest is
expected in Februany, 1976,

Desmodium spp.

\ planting ot Desmadium sp. (CIAT
336) wias combined in October: the vield
rate wis 35 Kgha of pure seed. An area of
Do canman tCIAT 332 was hand-harvested
twice {March and Jelv, 1975): tonl vield
was 40 kgiha pure seed. A small area of D,
heterophvlivon is maintained as a source of
futire propagating m aterial,

Bruchiaria decumbens ov. Basilisk

Initial production areas were planted
vegetatively at both Palmira (0.8 ha) and
Carmmagua (0.6 ha).

At Palmira. atrazine was used both as a
pre-emergence  and - postemergence
(hetween rows) treatment for weed control,
Inter-row mechameal cultivations were
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also required. Three ditferent management
<vstems mvelving mechanical slashing and
mtrogen  application  were applied  to
individual  subdivisions. Trrigation was
anphicd as required. trash was removed
atter cutting, and - harvesting was by
diect combimg. The harvested material
w.s chade and sun dried then processed in
cleaner and o graviny
summarized n

ATL O Eresdteen

sepattator. Results are

Fable O,

Yapnicum maximunt oy, Makueni;
{ rochlon  mosambicensis  and  An-

dropogon gayanus

A totad of 1S hectarss was vegetatively
phinted to “these species at Palnire and
Catimagta

At Patmire aosimgle mancgement system
mvolved  mechamead  slashing, trash
remeval rivation, a S0 Kilogram mitrogern
amd

appheation per hwvest avele.
harvesting with o vombiie, Seeds were
procesed as previowshy deserthed. The

Mahwens vuinen gross s vielded aototat ot
[7 e haof gravin-cleaned seed and the
Uroc i mosambicenss has produced o
oty b Tl from thires luarvests

between Juby and Seprembor, 19735

[N

Puasture weed contrul

Weed vontrol trals e Siviesanthies
arvanering continucd ar Padmras Phe best
contral and wieatest selectivaty oeeurned

with tntluraiin, 04 ke ha or DNBPO 1S
kgt ha pre-cmeryence, shen followed foe

Pabic b, Pure seed saedd o fooconne 0
under various management sastens 0N
Pualmira i1975y
Manaeeme o e Vot b o0 N .
-
Ntropen Noood N
thy L [UHARIN v month ‘
0 [}] [ ETH 5 I
S i Sopt B { I
10y 2 Sept 10 0 bR

weeks later by a postemergence application
of bentazon at 1O kglha. Trifluralin,
dinitramine and butralin incorporited in
the soil at recommended rates injured the
Stylosanthes. Vernolate was selective and
could be used when Cyperusspp. weeds are
the predominant species,

A similar triab in Centrosema pubescens
at Palmira showed that pre-emergence
applications of alachlor alone, 2.5 kpfha
or 1 combmation with hinuron  or
fluoroditen gine excellent weed control
with no crop injury. Cuctonis melo was not
controfled by aluehlor alone but was
cantrolled by the nuxtures.

Fhe weed control unnt has deseloped a
method o ranchers washing
establish forage fepumes i graess puastures,
Gihvphosate was apphed i 25-cm bands
spaced one meter apart at the rate of 10
Leoha ot the area actually treated. One
woek bater seeds of Centrosena puhescens
st pitorisin were saattered

N

Asnist to

and s
it the hand ot dving Pungols pasture,
Cattle were hept out of the rea tor three
mianihs and esecllent leguine establish-
4

Ment occured

Because most pasture weeds are seed-
propagated, pernumation tads hine been
conducted over a twao-vear pertod on 12 of
the most commaon species. Hhree-hundred
seeds ol cach species were perminated
RURN saonthy e Petin dishes cone
Coing acthin faver of most sand, Fgrare 8
oses that mostspecios had some dortian:
oy and reeched then peak genmimation tows
toocre bt onths abter harsests Stcoracinna

LSS

cornfoli and Lernonia patens are exeep-
tons, cormspletely tosig thew viaiality atter
four months, Paspalune Jasccudatin,
Pithecolobim lanceolarunt, Cordurcoloe-
and  Cuidoscole. wrens did not
verminate dunng the 23month perod,
Thivaindicates that thes either hasve aovern
long dormaney penod or they require
ditterent environmental conditions to
permimate sinee i the beld alb of them are
known to reproduce by seeds,

cord
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Brush control research continued in the
Atlantic Coast arca of Colombia. Special
QNN wWas given to species resistant to
fotivalv-applied herbicides. Cordia coloc-
ccwdowas Killed by DPX-3673 at 2 gfmy’
appiied to the sol at the base ot the plant
iequivalent to 2 kgiha on a overall
treatment busis). Death was slow as the
herbicide had to be leached into the root
zone and then translocated throughout the
plint. Nevertheless, it was the most
etfective treatment and by only applving
the herbicide at the base of cach plant. very
fittle injury occurred <o the pasture

DPX-3674. a0 2 m . Rarbunlate. at .75
glm’, and tebuthinron, at .2 gl me, all soil
applicd. gane good but not complete
control ot Piper marginarum. Cut-stump
treatments with 2.4-D + 24.5T or
picloram + 2.4-D) + 2451, both in a !
percent solution with diesel tuel, gave
complete  control.  Another  species,
Bredemevera tloribundu, was completely
killed by basal applications of diesel fuel
alone or when fortificd with 2.4.5-1 (27)
or 2.4-1) + 24.5-T « 24-DP (19). The
small brushy weed Sida spp. is o frequent
problem. It was controlled best by com-
binations of 2.4-1) + 23.5-T (207 viv) or
dicambi + 2.3-D (177 viv). Glyphosate at
(.5 percent solution also kilfed Sida but
zaused  excessive injury to the pasture
grasses. Only in cases of severe infestations
and the absence ol destrable grasses could
this fatter compound he used.

A practical Guide for Brush Control in
Pastures  was prepared  and s being
incorporated into a general bulletin cover-
ing many aspects of pasture weed controf
which will summarize the results obtained
during the past four vears of rescarch in
this arca.

Pasture and forage utilization

The Program’s activities were continued
at Pulmira and Carimagua this year.

Palmira

The grazing trial designed to measure
fhe ettect of nitrogen fertilization on beel
production on a Pangola grass ( Digiraria
decumbeny) pastere was continued until
October 1975 with no changes in the
caperimental design. Daily weight gains
for steers in the experiment are presented
in Table 1 and total gains from the
pastures are displaved in Figure 9.

Weight gains per steer and per hectare
were lower than those of the two previous
vears, mainly due to the lack of irrigation
water fon prolonged periods. Nevertheless,
the responses to nitrogen applications ind
to increases in stocking rates were similar,

Since domestic prices tor fertilizer and
cattle have remanned the same in Colom-
hia, the fow returns reported last vear have
not changed  (internal rate of  return
adjusted to Spercent of the capital invested
hecause of inflation), However, this input-
product  price  relationship  does  not
adversely aftect beef cattle producers from
other tropical countries such as Venezuela
and  Brazil, where it would  seem
ccanontically feasible to use nitrogen on
pastures lor intensive fattening of steers in
areas near large consumer markets.

From the data obtained during three and
a halt vears of rescarch. it can be sand that
Puangola grass clearly responds to fertiliza-
tion and that vilid generalizations can be
made. This phase of the experiment was
tinished 1 October, and  the dast ex-
perimental phase was begun immediately
in the same arca and with the same design.
o will measure the net cificieney of the
utilization and coergy and nitrogen of the
grass for beel fattening.

Desmodium distortm, an erect, annual
species well-aceepted by cattle, is a little-
known tropical farage legume that seems
to hive good production potential,
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Table 11,

Dyaily weight gains of steers grazing nitrogen-fertilized, irrigated Pangola grasy.*

Stocking rate (steers ! ha)

417 S5.00 SK3 6.67 7.50 LIRE
Nitrogen

thglhalvear) tgidavianimal)

In% J6K 405 394

RRM 03 135 395

SO0 193 REN 370

072 RUA RAY) )
¢ I 23t 293 davs o the Ovpenment

Desmodivm yields were measured by
making successive cuttings when the plants
reached heights of 0.6, 0.9, 1.2 and | S
meters. Yields from suceessive cuttings are
shown in Figure 10 Piants cut at 0.6 meter
received seven cuttings, whereas those cut
at L5 meters received only five. The
gradual reduction in vields from suceessive
cuttings. a characteristic of annual plants,
can be seen: this reduction is more
pronounced in older plants. Cumulative
vields are presented in Table 12) Totl
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Fagare 9. Per heetare weight gains during lust 294
sy of grazing trial on irrigated and nitragen-
fertilized Panpok prass,

A2

vields increase when the plants are cut at o
lter stage. In practice. it seems casier to
cut the plant when it reaches a height of 0.9
to 1.0 meter thus obtaining a vield of
approximateiy ten tons of drv matter.

Earlier intake studies with penned sheep
(1974 Annual Report) indicated that sheep
selected the ditferent parts of the D,
distortum plant in the following order:
Laves. petioles, upper and basal parts of
the stem. In terms ol digestibility. this
species wis best among the tropical species
amyvzed in vivo, and it seemed that the
digestibility of the upper parts of the stem
Wity as good as that of the feaves. Figure 11
gives the pereentages for cach part of the
plant. Younger cuts show 4 highcontent of
leaves and young stem (internodes | to | .

Heieht of plant cutting
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Frgure 100 Yield of Desmodivn distortum 2
various cutlings,



Table 12, Cumulative vields of Desorodium
o tertum cat gt varions hicights.
Plant height ot cathing ano
(e IR [ b
Nooof

vuttings ttans of DM ha)

3 TR YT 1 ss KR
6 N AT 09 [2s82
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D, distornen can be recommended as
caod - cutting forage tor supplemental
teding of catde.

Carimagua
Grazing  trials were continued with
cative savanna and four prasses well-

sdapted to the environment at Carimagua,
Emphasis was placed dlso on the use of
ured and molasses supplementation during
the drv season.

Table T3 compares weight gains of steers
gra/zing native savanna burned once (the
entire pasture) at the beginning ol the dr
season with gains obtained alter seguential
burmings (using fireguards to divide the
savanna into cight equal plots and burning
one plot ata time during the vear), During
the dry season, weight losses increased as
the stocking rate rose. During the ainy
season, anmimals gained weight, compen-
sating for dry scason losses: by the end of
the year. they had gained approximatels 60
kilograms at the low and medium stocking
rates (0.20 and 0.35 steersi ha). There was
no advantage whatsoever in sequential
burning during this vear. Figure 12 shows
changes n forage availability. which
depends on the type of burning and on the
subsequent pasture growth as affectéd by
stocking rate. Initial differences Tessen as
the vear progresses. As can be seen in
Figure 13 the quantity of torage available
remains at a very fow level during the dry
season {(November to Muarch). At all
stocking rates, forage availability decreas-
ed after the tirst burning and  then

remained constant, except at the highest
stocking rate when availabiiity decreased
considerably.

The evaluation of the productivity of the
species  Brachiaria  decunbens,
Hyparrhenia ruta, Paspalum plicatdium
and  the mixture £ plicatulum  with
Indigofera hirsura began this vear; Meliniy
minutiflory was included as a comparison,
Phe four grasses seemed to be best adapted
to the zone, although only 2. pheatudum is
native, The legume L hirsura was included
becituse it is native to the plains of
Venesuela and has many possibilities of
being utilized in the sone of Barinas
(Venesuela), The sced was Snitially ob-
tatned  trom Barinas and multiplied in
Pulmira.

Luble 14 shows the weight gains ob-
tatned with the four pastures. The lots with
Momouaitlora were not grazed during the
dry season since it iy kuown that this
practice produces weight losses in cattle
ttable 15). The pasture planted with a
mixture ot Poplicatudum and I hirsua was
not - established  well enough 1o have
animals grazing during the dey scason.

The  three  grasses L rufu, M.
mimtiflora and P. plicatulum gave simitar
results and thus offer three possibilities of
tow -vielding grasses adapted to allic soils.
P pdcandum has proven to be highly
stisceptible to diseases and insect pests. In
addition 1o the  stemborer  and
Helminthosporium reported the previous
vear, this year it was attacked by the false
armyworm which ate all the toliage,
making it necessary to rest the pasture for
46 days. The false armywormalso attacked
M.ominutiflora but not . rufu or B
decimbens. B decumbens vielded con-
siderably more than the other three
grasses. Weight gains on Brachiaria during
the dry scason should be interpreted
cautiously, however, since during that time
there was a population (estimated at less
than 10 pereent) of Stvlosanthes guyvanen-
sis remaining from the combined planting

A-23


http:irounrt.11

tter (C¢)

Content in the drv ma

A4

o .6m

o—————e 0.9 m !
O 1.2 m

O—m—w—eo 1.5m

dowering /’

I
4
4
/
/

70+

y
40

——t 1 1 L 1 J

. Petioles

e

b
4
Cutting Cutting
¢. Internodes 7-11 of stem f. Twelfth internode downwards

Figure 11. Percentage yield of plant parts of Desmodium distortum at various cuttings.



13, Seasonal and yearly weight changes of steers grazing tropical suvanna pasture at Carimagua (Noy.,
1974 - Nov, 1975).

ha)

gl

Dry matter (K

Dy season Rainy scason Year
¢mandgement (gedayy (kglanimal) telday) (aglanimal) telday) (kg fanimab)
hurning onee

U steersi ha 143 16 21y 5s 196 71
Sateersiha -Nt) -9 298 74 179 65
M steersiha 170 -1 143 36 4 17
ential burnmy
W steers g ha -134 -18 RIC] 80 179 [(N]
A3 aterstha =214 -4 7 87 174 63
250 steers T ha IR =13 23 58 63 2
5,000 |- - e e
| Stocking rutes:
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Figure 12, Availability of forage on native savanna pasture hefore and after burning.
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Figure [3. Availability of forage on native savanna pasture entirely burned annually and grazed continuously

at three stocking rates.

done previously. S, guvanensis  dis-
appeared completely by the end of the dry
season because of the stemborer and the
greater vigor of the grass.

B. decumbens offers more possibilities
as a producer of better quality forage than
the other grasses tested. Two observations
were made: The first was the death of 12
steers during the first days of grazing on B,
decumbens during the rainy season. The
symptoms of intoxication were swelling of
the cars and at the base of the horns, which
extended to the rest of the body. The
animals died within 24 hours after the first
symptoms appeared. Within the group, the
younger, recently weaned animals were
aftected. The problem disappeared after an
I\'z(,

intensive grazing with a large number of
steers. The second observation relates to
the yellowing of B. decumbens as the rainy
season progress, The symptoms are similar
to a nitrogen deficiency. However, the
grass showed no apparent response to urea
applications. It should also be noted that
the stocking rate on B. decumbens this year
was very low during the first part of the
rainy seasc:

Reports that animals do not consume /.
hirsuta were  received from areas of
Venezuela other than the state of Barinas.
Observations at Carimagua confirmed this
information, Animals consumed all the
grass (P. plicatulum) but apparently ate
none of the legume.



Luble 14 Animal productivity  on several forage species adopted to allic soils, Carimagua (Nov, 1974 Noy

1975).
{Iry season Ritiny seison

b erage species and
teching rate (eidayy (hg{anual) (eiday) (hgfanimal)
Krachiaria decumbens®

0.5 steers{ha 141 16

0.9 steers | ha 406 102

L3 steersiha 473 9

1.7 steersiha i ™
Hyparrhenia rufa

0.5 steers{ ha -383 -43

0.7 steers | ha 172 43

1.0 steers | ha v 148 37

1.4 steersfha 77 ]
Melinis minutiflora

0.7 steersfha 287 7

1.0 steers | ha 204 51

1.4 steen | 160 40
Paspalum plicardum**

1.5 steers | ha -494 ) -56

0.7 stcersiha 260 )

1.0 steers | ha 133 M

b4 steersiha 155 RN
Incligotera lurvata

Paspalumi plicarudum

0.9 steersPha -164 41

£.3 steerstha {3 17

1.7 steersiha -13K -5

* o Discaser gt be pasitivels atfectod Baoanael grantits ot St desdnthes roetacung o an, cather plantong By the beasmmng of the

ny seieson, Hus Sivtosanties bt doappe et

S0 Dunmg the rany seasoi anmids swere ooyt e thewe pushires It 36 das s b cne obsevete attack by the tabse armsworm that desttoved

She avabable foraoe

The grazing trial with M. mirwtiflora Results are given in Table 15, 1t was found
was repeated this year on the same pastures — that weight losses of animals that were not
and with the same design. The three  supplemented during the dry season were
experimental treatments  are: (a) con-  less this yvear than for the previous year
tinuous grazing the whole year with no (500 versus 300 grams daily). Possibly for
supplementation; (b) continuous grazing  this reason, compensatory gains were not
the whole year but cach unimal receiving 80 obtained as in the previous year
grams of urea and 400 grams of molasses
daily in the dry season: and (¢) grazigg the In all treatments and on all pastures,
pasture during the rainy season, resting it weighi gains were lower this year than in
in the dry season, and no supplements.  previous  years, possibly  due to the

A-27



Lable 15, Weight changes of steers grazing Melinis minutiflora under three management systems,

Dry season

Rainy scason Yeor

(eiday) (kg lanimal) {giday) (hganimal) (kg ianimal)
Grazing all vear
0.4 steers T ha B[] -24 417 110 K6
0.8% steers | ha -35K -40 372 92 53
Grazing all vears yrey +
maoliasses
0.4 steers | ha -0 -1 457 115 114
088 steers | b 27 3 416 104 107
Gravzing only during the
FUNY stason
043 steers | ha - - 529 104
O.8% steers | ha - - 77 74
130 steers ) ha - - 243 4K

prolonged dry period lasting until May,
after carly rains in March.

A trial was established to determine the
effect of urea and cassava meal supplemen-
tation of animals grazing native savanna
during the dry season. A preliminary test
was run this year including four treatments
compared during the dry season: 400 g
molasses + 80 g urea animal| day; 400 g
molasses|animal]day: 30 ¢ urcalanimal| -
day, and no supplement (control). All
animals  received  salt and  dicalcium
phosphate free choice. Results are given in
Figure 14. Supplementation was extended
untit May: nevertheless, there were weight
gains after March, possibly because the
two or three rains in March were sufficient
to stimulate pasture growth. Weight gains
from March to May were equal for all
treatments, except for that of urea alone.
From November to March. all animals lost
weight; losses of unsupplemented animals
were significantly greater than for those
receiving urea and molasses. Losses of
animals fed molasses and urea alone were
intermediate. The effect obtained with
molasses alone is interesting and seems to
confirm the hypothesis that a  small
quantity of casily metabolizable car-
A-28

bohydrates facilitates the utilization o
nonprotein  nitrogen contained in  the

f
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Figure 14, Weight changes of steers supplemented
and unsupplemented during the dry scason on native
savanna pasture,



Fable 6.
during the drv season.*

Weight gains of steers grazing native savanna at Curimagua, supplemented with soybhean meal

Tl Werght
weight mun Sigmiticanee
. N Lo i, ' .
Y9 Cenday fammat at 5
Supplement sovhean medd
SO daly ama! )31 Ty a

90 ¢ every Tl aninad 131 n it

280 e dahy el [R¥} 200 b

1960 ¢ coeny T dans animal 126 262 b

SEES P ' Mo s g A

ammals” normal saliva Eootb Augost the
nonsupplemented anmalds had managed to
regain 30 pereent of the weight ditterence
registered at the end of the dry season.
Atter March. the response of the group to
urea atfone s not casily explained and
requires turther checking.

A prelimimiary tral was ostablished 1o
study the ettect of supplementing aninls
erazing nitive sivanna during the dn
seison with sovbean meal supplied dalv or
the weekly total o one day of the week,
Results are given in {able 16,

Feeding w protein supplement daily s
inconvenient in herd management. 14 the
same results could be obtained by teeding
the supplement once o week considerahle
fabor could be saved and the problem of
preferential consumption by domineering
animals, could be alteviated somewhat,
Fhe advantage of the groups supplemented
with the higher tevel of sovbean mealis not
surprising on pastures stieh as these that
contain 2 to 3 pereent protein in the dry
season,

Forage intake and digestibility

As part of the eftort to determine the
nutritive value of tropical torage species.
some of the more important species were
fed to African male sheep. Results are
summarized i Table 17,

FOn s e s o

Very mmportant Tor the Program’s
objectives is the fact that the nutritive value
ol the species Stvlosanthes guvanensis is
Ingh in hoth digestibitity and intahe evenin
mature plants tereht months of growth).
Fhe nutritive sadue of native grass is
extremely Tow during the dry season. but it
increases  considerably when it i
supplemented with o protein source of
cither urca or cottonseed meal.

Phese results explain the  response
obtamned  with wrea and  molasses
supplementation of steers prazing  the
NAlive SV as an increase in forage
ke and digestibility. When moiasses
grass was supplemented with Stylosanthes,
torage digestibility and intake increascd:
this s one more indicator of the impor-
tiunce ol Stylosanthes for mproving the
nutrition of animals during the dry season.

ANIMAL HEALTH

The aim of the animal health team from
the time ol 1ts inception has been to assist
the development of economic preventive
medicine programs for beef cattle in the
tropical lowlands of Latin America. More
specifically  this can be expressed as:
defining discase spectrum and prevalence:
measuring the cconomic impact of discase;
measuring the cost|benefit ratio of con-
trol; and identifying discase areas where
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Table 17, Intake and digestibility of some tropical forage species.

Quantity of

Dry matter

forage offered intake digestibility DM
(g DM |kg (g DM kg digestibility
metabolic wt) metabolic wi) )
Stylosanthes guvanensis
3 months' growth 100 €3 41 N
S months' regrowth 100 69 43 62
6 months’ regrowth 100 67 43 64
8 months’ regrowth 100 60 35 S
Centrosema (mature) 100 79 36 . 46
Eletift (early flowering) 120 57 35 6l
Hemarthria
6 months’ growth 96 57 38 66
144 62 41 67
Molasses griss
(in dry season) 100 38 16 41
Native grass
{in dry scason + minerals) 89 46 15 Ky
(in dry scason + minerals
+ molasses + urea) 89 61 26 9
(in dry season + minerals
+ cottonseed meal) K9 56 30 44

more research is required to achieve
¢ ntrol.

The team is divided into units of
microbiology, pathology, hemo-
parasitology, ectoparasitology and wildlife
studies. Staffing has been provided by the
-core budget of CIAT and through two
specially-funded projects, one in
hemoparasitology, with Texas A&M
University and the United States Agency
for International Development and the
other in acarology, with the United
Kingdom Overscas Development Ministry
(UK ODM).

Principal collaborators in Colombia
have been the Caja de Crédito Agrario,
Industrial y Minero (Caja Agraria) and the
International Center for Medical Research
(ICMR).
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In the past three years the strategy has
been first to work through the slaughter
house, tollowing leads back to the farms of
origin of cattle. .\ survey was then planned
in the Colombian Llanos (Departamento
of Meta and Comisaria of Vichada) to
determine the prevalence of diseases
thought to be significant and to relate them
to the management and ecology of the
farms visited. As part of the input into
CIAT training activitics, similar work was
promoted in the North Coast region
(Departamentos of Cordoba and Sucre),
the Cauca Valley (Departamento of Valle),
and the nortawest section of the Depar-
tamento of Caquetd, as well as in
Paraguay. A request for survey assistance
was also met from Campo Grande, Brazil.
In the last year, a start was made to relate
this accumulating knowledge of disease
prevalence to impact at farm level and to
develop the methodology for cost| benefit
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analysis of control strategies. Supportive
rescarch continued inorder to improve the
eifictency of prevalence studies, to clarity
the opidemiolezical picture and to devise
control alternatives. This report will
discuss progress in all these areas.

this main hine of
development  1nte ammal  discase
cconemics,  both  thesis  student  and
postgraduate intern intake sharply in-
creased. In particular, @ hnk was establish-
ed with the training program of the Centro
Panamericano de Zoonosis (CEPANZQO)

Concurrent  with

m Buenos  Adres. Two international
workshops  were  organized. one  in
hemoparasites and  the  other in ce-

toparasites. and attracted delegates trom
Australia,  Atrica. Furope and  North
America aswellasfrom T atin American
countries. The workshops clanfied the
common problems of Laun American
countries i the two arcas. idicated the
research needs. and detined a contribution
which could be made by the CEAT anmimal
health team.

Disease prevalence studies
Characterization of farms under survey

A questionnaire was devised with the
help of cconomists in the Beet Program
and completed for 37 of the furms visited in
the Colombian Llanos. All farms had
received loans from the Caja Agrari.
Despite obvious Imitations impaosed by a
single visit, a crude outhine emerges tor
framing future enquiry.

The farms occupied a wide band of
country stretching trom the Piedmont in
the West almost to the Venezuelan border
in the East and bounded on the North by
the Meta River. Originally, the farms were
arranged into five groups. tour in Metaand
the other representing part of Metaas well
as tarms sampled in Vichada in the Fast
Although some management differences

existed, particularly between the Piedimont
and elsewhere, all 37 are considered
together tor the purposes of this survey.

Farms averaged 3,952 hectares (range
173-28.000) and carried an average of 594
head of cattle (range 125-1.480). The
overall stocking density was one animal
per 6.4 hectares. All furms exeept two had
some area of intraduced grasses. The most
popular were: puntero(Hyparrienia ruta),
23 tarms: gordura ( Melinis minutiflora). 23
turms. and  Bracidaria spp. 19 farms,
I'hrity-one of the farms claimed to feed
minerals.

Only 16 tarms attempted o number
their cattle and only T4 attempted todivide
their herds by age orsex. Fhecarliestage of
weaning was eight months (11 farms).

['he birth rate averaged 507 pereent
(range 29-75.7), calt mortality averaged 7.8
pereent (range 0-60) and adult mortakity
averaged 2.2 pereent (range 0-6). The
diseases considered the mostimportant are
given in Lable 18 " Secadera™ emerges as
the clear leader butis obscure indetimtion,
Farmers describe the condition as being
those animals which cease to thine as it

bl s Fhe mont important health problems in

cattle reported an 37 ranches in the
LEanos Orientales of Colombia,

Nevoat
tinche,
reporting

Condition PPereentage

Secadeia thuegneta 1 Ch
Blach oy 7 14
drecding diseases 7 19
Calt diarrbea 4 10
Attosa R} R
Cadthaerilone ! 3
Dietmatitin 1 3
Moty | 1

37 100

A=



avercome by the multiple challenges of
malnutrition and diseasc. A similar condi-
tionin the North Coast region of Colombia
iy called *huequera™. The condition called
“blackleg™ also needs turther identifica-
tion. There may be difficulties in differen-
tiating blackleg with hemorrhagic sep-
ticemia  (hovine  pasteurcllosis)  and
common smakcebite. Although ticks were
not specilically mentioned as a problem, 33
of the farms regularly dipped their eattle an
average of once wvery 29 days (range -
180}).

The most common vaccinations were
{by numbcer of farms): foot and mouth(32).
blackleg (31). salmoncllosis (“peste boba™)
(28) and brucclosis (9). The average
number of vaccinations per animal per
vear was .27 (range 0-6). Disease control
measures cost an averige of Col. $91
annually per animal.

Improved management  of existing
resources combined with effective preven-
tive  medicine  programs  would  in
themselves significantly raise che level of
productivity, but the lack of both social
amenities and interest from  absentee
landlords are major restraints.

Breeding diseases

Brucellosis. The consolidated results are
given in Table 19 and are similar to those

published in recent years by ICA for the
same areas. Since the low prevalence of
brucellosis constitutes a minor reproduc-
tive hazard on the farms surveved, no
further  brucellosis investigations  are
planned. A similar prevalence rate wirs
tound in the Mato Grosso of Brasil,

Infectious  bhovine  rhinotracheitis!-
pustular vaginitis (IBR). This vira) diseiec
causing either respiratory or genital inte-
tions is  now  recoginred oas being
widespread in beef cattle in Colombia, The
consolidated resuits are given in Table 20
and their significance is being issessed. 1t is
not clear why the prevalence in the north of
the Cauca Valley is so low.

Leptospirosis. Prevalence daw * Jep-
tospirosis are displaved in Tuble 7; and
clearly show that this group of infections is
widespread in beef cattle in the tropical
arcas of Colombia. Table 22 shows the
prevalence of those serotypes known to
cause clinical discase in other parts of the
world. There is evidence from Australia.
New Zealand. North America and Haly of
an increasing prevalence of Leprospira
hardjo which appears 1o he repliacing
Leprospira pomaona as the most common
serotype affecting cattle. Australia reports
give a 5-10 percent abortion rate and a high
prevalence of mild mastitis. A similar

Pable 190 Prevalence of bovine brucellosis in areas of Colombia and Brazil, 1974-73,
Fatms Sen Positne Previtence

\rea sampled examined* serit (7)
Colombu

I oy Onientales Bh 4,844 100 21

Cagueta in N7 6 1.2

North Cogst RN hIRXR] REN) 6.6

Cauca Valley Rl [LI83 41 K
Brazit

Mato Grosso 62 618 8 1.3

—

Loaing piate wa ! Luibe aprlunination and mervaptocthanel tesis
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Cate 20 Prevalence of infections hovine rhinotracheitis | pustulae vaginitis (1BR) in eattle in areas of
Colombia, 1974 75,
[ERTHIN Seta Posttive Presatence

' sampled endmimed seril (“¢)
Lanos Onentades 4N 3,858 [(CM 195
gt Rt 472 14 248
Notth Coust R [.640 23 14.1
Tauca Valley 25 02y 7 075

asessnirent of significance s being made
tor South American tropical siteations,

Hemoparasitic diseases

Anaplasmosis. Results of field surveys
for anaplasmosis are shown in Table 23,
I'he conclusion ¢an he reached  that
introducing susceptible cattle into any ol
the fowland tropical arcas of Colombia
sumpled should be attempted only after
iermunization. However, the range ol
numbers of positive animals between farms
in the Llinos Orientades indicated diftering
degrees of endemicity. that is. diltering
degrees of challenge. The Cauca Valley
appeared to be of a lower degree of
endemicity than the North Coast or the
Lianos Orientales, with a complicating
factor that the same farmer may keep cattle
both in the endemic valley bottom and in
adjacent mountain pastures where no
transmission is occurring.

Babesiosis. Ficld survey results for the
two known Babesia species infecting cattle
are shown in Tables 24 and 25, As with
anaplasmosis.  the conclusion can be
reached that introducing susceptible cattle
into any of the lowland tropical areas of
Colombia sampled should be attempted
only after immunization. With babesiosis,
however. prevalence differences between
tarms in the Llanos Orientales indicated
that cnough susceptible adult animals
could exist in some herds to cause deaths if
moved into arcas of higher chellenge.

Ectoparasites

Ticks. Collection and identification of
ticks infesting cattle were made on 37 farms
surveved in the Llanos Orientales of
Colombia. Boophilus microplus ticks were
identified and quantitated on cach farm
and  were almost  equally  distributed.
Amblyomma  cajennense,  Amblvonima

Table 21 Prevalence of bovine leptospirosis in arcas of Colombia, 1974-75.*
barms Sera Positive I’revalence
Area samipled cvamined”? NUK (1)
I Linos Orientales 44 1.307 KM} 63.5
North Coast X 153 163 LUN
Cauca Valley 7 131 Hon 809

o Seroheey carred ot caiborstion warthe

ihan A noan Zoonace €

Lnter

v 1 any the marscopie siade aprlulination test Do P4 seroavpes comtnonls bnd anccattle
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lable 220 Prevalence of the five

1974-75.»

maost common | ¢

Prospira seroty pes detected infecting cattle in Colombia

Serotype (no.and ¢, of reactors)t*

Animals
Area simpled Hardyo Sejroe Wolti Hebdomadin - Tarassong
Llinos Orientales 1.307 575 [(SR] 497 2609 289
(4.0 ) (49,30 (38.37)) (20.6'7) (22.11))
North Cogst IR} (AR} [B) 83 82 X
(62.607) (07.20;) 4547, (4870 (326
Cauca Valley [RY} 106 I3 78 75 X
(80977 (K6 317 (57.347) (5730 N 1)
¢ Seralosy pecdtarmed at Pan Macian Zonnoas € entey

** Uang the nucro opreshide apglutination tes

triste and Anocentor nitens were detected
on only three farms.

Supportive Research

Breeding diseases

Epidemiology of leptospirosis. The high
prevalence
cattle in ail tropical areas sampled required
wo initial investigations, Firstly. the
serological results needed confirmation by
the culture of organisms from infected
cattle, and. sccondly. to suggest controf
strategy, it was necessary to determine
whether reservoirs of infection existed in
wild animal populations.

Permission was obtained to slaughter
four cows having high titers to Leprospirg
hardjo (1:800. 1:800, 11600, 1:1600) and

of leptospirosis found in bheef

Although no positive cultures were ob-
tained from the organs of any ammal,
histopathological  examinations of  all
Kidneys showed a chronic nephritis com-
patible with a leptospirosis infection.

On this same farm, three isolations of
Leptospira  huve  been made  from
Proechymis sp. (spiny rat) and one from
Caluromys — philander (Philander
opossum). and are now heing classified.

Hemoparasitic diseases

Development of diagnostic techniques.
The hemoparasite workshop organized in
May confirmed the need for simple farm-
level tests for anaplasmosis and bahesiosis,
Special attention was therefore given to
card agelutination tests for Anaplasma
marginale. Babesia argenting and Babesiy

attempt  to culture  the organisms.  higenming, and comparisons between all
Lable 220 Prevatence of bovine anaplasmaosis ¢ Anaplasn marznale) in areas of Colombia, 1974.75,
Fanms Seri Positne Prevalence
Arca sampled enamined* seri '/
Llnos Orientiles i° RAIRR] 2.2602 78
North Coast 4 AR 211 91
Cauea Valley 10 8723 ARN 62

¢ Uang the complament tivatson tev

A=W
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"1 Prevalence of bovine babesiosis ¢ Bibesia areentingy inoareas of Colombia, 1974275,

Fastes Setd Positine Prevalence
Fest? samipied enaatd set (")
e Ohentales [REAY T 2946 R R
e datien (W} " i 247 [
(1A 3 ARE 60 25
i ! ! l RN

poalable tests to determine sensitivaty,
gpecdiciy duration of antibodies, and
steabihty and smtabihty for field and
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IFA and CF tests for diagnosing B.
argentina and B. bigemina infections in
cattle were also compared. A total of 372
serum samples were collected from nine
susceptible cattle introduced onto the
North Coast region of Colombia, again
enabling comparisons before and after
natural infection. The IFA technique
detected B argenting  antibodies an
average of 4.0 weeks earlier than the CF
test and B. bigemina an average of 2.5
weeks earlier. Both tests couid differentiate
the two species but a few cross reactions
occurred. 1FA titers were relatively higher
than those of the CF test, which oc-
casionally gave a trace reading. Although
both are laboratory tests, IFA has impor-
tant advantages over CF in simplicity,
economy and speed.

A postgraduate intern demonstrated a
possible refinement to the CF test for B.
argentina and B. higemina by proving that
complement fixation antigens were present
in the plasma of acutely infected, splence-
tomized calves and  could be used
successfully in the CF test. The significance
is that plasma is discarded in procedures
normally used to prepare antigens from
Babesia spp.

Development of immunizing procedures
against anaplasmosis and babesiosis. A
method  of immunizing cattle against
anaplasmosis  and babesiosis s being
evaluated in the Cauca Valley in collabora-
tion with ICA. The usual method of using
whole unquantitated parasitemic blood as
the vaccine is too variable in result to be
acceptable for use in valuable stock.
Australian methods of quantitating whole
parasitemic  blood, and of vaccinating
against B, argenting  alone s very
successtul and popular there. However,
Australia has no recognized anaplasmosis
problem and, in Colombia, 8. argentina
and B. bigemina appear to be equally
pathogenic in experimental situations. The
method  developed by the CIAT
hemoparasite unit involves storing an-
tigens for A. marginale and both Babesia

l“.“,

spp. at low temperature and titrating the
antigens in groups of cattle to calculate the
minimum infective dose of cach which js
required to immunize animals in the field.
This year adjustments were made to the
low temperature storage technigues and all
stabilates are now kept in liquid nitrogen.
The vaceine used contains the appropriate
dilution of cach of the three organisms. Ina
luboratory trial, 14 susceptible calves were
inoculated without incident and resisted
challenge 1o homologous strains eight
weeks later.

Economic analyses are being done on
the same furms where the efficiency of the
immunizing technique under commercial
conditions is being checked. A decision to
be made eventually is whether the system
can be developed and expanded on a
commercial scale.

Trypanosomiasis (1rypar soma vivax),
The existence of the African irypanosome.
Trypanosoma vivay, in Latin' America is
known from a series of largely aneedotal
references originating in all countries
bordering the Atlantic. from Panama to
Brazil. Little research has been done,
probably due to the lack of adequate
diagnostic methods. The method of
transmission is unknown. A master's
candidate from Texas A&M established
the indirect fluorescent antibody test in
Colombia in 1972, and proved that the
infection existed in the Colombian Llanos,
the North Coast and the Cauca Valley. A
doctoral student is now expanding the
epidemiological studics by analyzing con-
nected outbreaks on four farms in the
Cauca Valley. Economic losses included a
severe drop in milk production on the one
dairy farm. and emaciation of beef cattle
with sporadic mortality. The symptoms are
similar to African situations where cattle
have been under light or occasional vector
challenge. Three of the four outbreaks
would not have been diagnosed without
the field work of the investigator. This
means  trypanosomiasis may be more
prevalent than recognized because of



confusion with other hemoparasitic dis-
2ASes.

Fctoparasitic diseases

Piobs were studied during the first full
v of the special project financed by the

chis project was established because
snous praduction losses from tick in-
festations have been recorded on other
continents in circumstances comparable to
those in tropical Latin America. Losses are
both fram reduced weipht gains due to the
direct parasitic effect of the ticks and
because thev are important vectors of
disease. Either cause of loss is sufficient
economic reason tor controt,

Betore a4 national governmentdecideson
a tick control policy the tollowing basic
information is required: (1) the tick species
present and their distribution: (2) their
importance in transmitting disease: (3) the
life-cyveles of the ticks in ditfering en-
vironments; and (4) whether the ticks are
resistant to acaricides. Vhe last two factors
are  essentiad  in deading  the most
economical control strategies, Work in the
tick unit followed this total pattern of
requirement.

Specialized resources were developed. A
moated tick barn for disease transmission
experiments and double-fenced, moated
paddocks were built. Clean tick colony
lines of the major bovine tick species were
maintained. The Boophilus microplus e
15 now in its tweltth generation and
Anocentor nitens in its fifth. Breeding
colonies of Didelphis muarsupialis {(com-
mon opossum) and  Zyvgodontomyys
hrevicauda (cance rat) are now established
as two of the laboratory hosts for rearing
the different stages of tick species. The
checklist of tick species and their distribu-
tion in Colombia (1974 Annual Report)
was expanded. In collaboration with ICA,
studies were extended from domestic and
wild mammals to birds. A doctoral student

reviewed the literature and prepared a
manual showing the known hosts and
distribution of 172 tick species in Latin
America.

Rescarch literature is unclear on the
ability of Boophilus microplus to transmit
Anaplasma  marginale  even  though
anaplasmosis is thought to be a major

disease in the tropies and  Boophilus
microplus s common in the  same
localities.  Transmission trials were cs-

tablished and the third attemptis currently
under way.

A doctoral student  studied  several
aspeets of on-host ecology of selected tick
species of cconomic importance to the
cattle industry in Colombta. The work
included the following  segments:  the
establishment of a group of cattle in the
field to study tick loads, distribution
patterns the animal, and seasonal
cidence of Boophilus microplus; the field
rearing of the same tick at 3,000, 2.450,
1,800 and 1,000 meters altitude for studies
of oviposition success and duration, larval
productivity, and longevity; collution of
weather data, and the study ol diurnal
activity of larvae in grass to judge the
ameliorating  effect  on litter  zone
microclimate of the pasture cover,

~ vy
re.

Collahoration  continued  with  the
Wellcome  Laboratories,  Berkhamsted,
England. in acaricide resistance studies.
Three further consignments of ticks were
dispatched.

The ectoparasite workshop organized in
August revealed the need to identify tick
taxonomists in South America and to
standardize  taxonomic kevs. A small
workshap will be held in 1976 combining
tuxonomy with methodology in deter-
mining tick distribution,

Wild animal studies
The Annual Reports of 1973 and 1974
contained checklists of mammals together
with their parasites and infections that are
A-37



found at Carimagua. This work was done
to determine conditions which may be
pathogenic to man or his domestic
animals, particularly cattle. The most
important infections found were 4an un-
known Echinococeus sp.. Trypanosoma
cruzi infection (Chagas® disease of man)
and Trypanosoma evansi infection. Con-
tinuing work on these infections is reported
below, but the emphasis of the wild animal
studies changed. The technical staff were
increasingly emploved either on the farms
chosen for intensive examination or on
teaching assignments. One technician was
loaned lora month to the FCATUHSDA fant
and mouth cradication project in the
Chocod region of Colombia.

Eckinococeus sp: The infection was
found in Proechymis sp. for the first time
as owell as inthe two agouti speeies.,
Cuniculusy  puca and Dasyprocty
Juliyinosa. Attempts to establir't the full
life cycle Tor making a positive identifica-
tion. continued at the ICMR, Sera from
staff stationed at Carimagua were sent to
CEPANZO and the results were negative,
The oo an area of work which has to be
brouyhit to a conclusion. If this particular
species Iy found to be capable of infecting
cattle, this repreonis an important poten-
tial loss of production. In Argentina, for
exampic. infection with Echinococeus is a
principal  cause  of  condemnation  in
slavghter houses,

Irypanosoma cruzi infections: Bascline
sern were collected from Carimagua stafy
on i soluntary basis and sent to the
Institnto - Nacional  de Diagnaostico ¢
Investzacion de la Enfermedad de Chagas
in Argenting, Five ICA emplovees had
positive sera. They were identified, check-
ed for heart irregularities and treated, The
ICMR continues to check on the presence
of infected Reduviid bugs in the vicinity of
Carimagua. This is an important service ta
this isolated community.

Trypanosoma cvansi infections: Thir-
teen strains from Carimagua are now
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stored at low temperature at Palmirg. Fhey
are derived from domestic horses (2),
domestic  dogs  (3) and capybaras
(Hydrochoerus hydrochoerisy ¥). A
master’s student is comparine the an-
tigenicity of the strains from the . ree host
sources to confirm that thev oo e same
species of trypanosome,

Disease impact at farm level
Breeding diseases

Ten of the farms sucveyed G the
Colombian Llanos were chosen fo: ! oo,
and continuous examination. {40
gives the abortion rates in a sy
month perrod. These are minimal Yoy
there muy be ahortions in carly wesr
which are unnoticed.

Farms A and B woie tarther aeen v
Farm A had a few reactors 1o brucelt -
(6[130)  that  were  slanghtered
transferred elsewhere, The nuniher o JH

reactors was also neglivihle 4 1o
However. the number o deptospirisis
reactors was high (267660 Bulls were

negative tor trichomoniass and vibiposie,

Abuortion rates in ten heel herds in ihe
Departamento  of Mo,
Orientales, Colombia abserved ina 12-
month period.

Fable 26,
[ lanos

Nooof N ot
barm fenales dhartions o
A Iso 14 7.7
T an 30 9.4
O 350 25 7.1
(3] 151 b 5.3
I 126 4 RN
I 587 24 4
G 08 t2 4.0
H 76 6 7.8
l 160 15 9.3
J 138 6 4.3

2467 154 6.24
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Farm B similarly had minor numbers of
reactors to bruceliosis (2[93) and IBR
(3] 74) but a high number of leptosnirosis
reactors (69 72). Again, no trichomoniasis
or vibriosis could be detected. The cir-
cumstantial evidence is that leptospirosis is
the main reproductive disease problem on

both tarms. Observations and collation of

data are continuing.

Records from the TCA|CIAT . herd
systems experiment at Carimagua are now
sufficiently complete to assess the calving
and abortion rates in the individual herds
against the elimination of brucellosis from
the experiment, absence ol vibriosis and
trichomoniiasis  and  observed  low
previlence of IBR und leptospirosis.

Hemuoparasitic diseases (anaplasmosis,
babesiosis)

The prevalence deta indicate that high
mortality would occur if susceptible cattle
were introduced into any of the areas
sampled.

in studies of calf-hood infections of the
four beef herds sampled in the North
Coast, the 12 calves examined were first
infected at a mean age of 11 weeks with
hoth A. marginale and B. bigemina. Mean
packed  cell  volume (PCV)  values
significantly decreased during a two-week
period following infection but all calves

recovered rapidly. The two infections did
not appear to have any economic impact.

However, the situation in the Cauca
Valley was different. Herds are either dairy
or beet alone, or sometimes  mixed
operations. The housing of calves on dairy
farms means that they are exposed to first
infection at pasture only at about six
months when nnate age immunity s
waning. in addition, some stock may be
reared at higher altitudes where transmis-
sion s not occurring.  Animals  with
susceptibility caused by cither reason have
acute and sometimes fatal infections. The
direct losses described inthe records of one
farm studied are in Table 27, Detaiied
epidemiological work is being done on 12
farms to determine and collect the data for
MCAsUring economic impact.

“Secadera”™

The importance of the “secadera”
complex was discussed in the section on
disease prevalence studies. As a result, a
follow-up visit was made to one farm
where  production and  animal  health
records had heen maintained during 1973-
75 by the resident owner who was also a
veterinarian,

Twenty-seven cases of sccadera had
occurred in the three years, 9in 1973, 11 in
1974 und 7 in Jan.-Oct., 1975, All cuses

Lable 27 Direct economic loss on a dairy furm in the Cauca Vailey, Colombia, causcd by anaplasmaosis and
habesiosis, (Jan. 1,1970-June 30, 1975).
Eosses Costs Conts
from of tor {otal Average
Na. of Total deaths drugs lubuor loss loss | head
anils deaths (Coly) (Col.$) (Cats) (Cal.$) (Col$)
1970 205 3 16,06 10,379 1513 29,952 146
1971 224 5 23,250 15.398 4.801 43,449 194
1972 230 11 0,000 22417 5,745 KX, 162 73
1973 218 5 27,750 22302 7167 57.219 262
1974 245 ¥ 52,000 29,580 9124 90,704 Y
1975 240 23,500 21,441 5.431 50,372 211
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occurred in cows from 3 to 11 years of age
(average 5-112), representing in this age
and sex group anannual incidence range of
4.0-6.5 percent. Twenty-three of the cases
were in cows which had either recently
weaned a calf or were nursing a calf when
symptoms were observed. Eight animals
died even though cach one received a
minimum of and in many cases as many as
four antibiotic treatments and supportive
therapy, and were given the best pasture
available. Secadera has accounted for 25
percent of the total deaths in breeding cows
on the farm during that period. Cows that
recovered from secadera required 4-6
months to regain normal conditions,
during which time they failed to rebreed.

A common opinion amongst
veterinarians working in the Llanos is that
nutritional stress in animals which are
carricrs  of anaplasmosis  causes a
recrudescing clinical infection. The theory
needs to be checked with accurate clinical
and serological data.

Cost| benefit analysis of control

The work on prevalence studies and
economic impict of disease progressed far
enough to commence cost| benefit analysis
of control.

Foot and mouth disease

CIAT cconomics and animal health staff
are using foot and mouth discase as the
main pioncering arca in animal health
economics. The reasons for choice have
been, first, the international interest and
concern; second, the availability in Colom-
bia  of outbreaks; third, the relative
freedom from complicating management
or concurrent discase factors; and last, the
existence of large campaigns for both
eradication and control so that the
cost| benefit of control strategics can be
compared. ‘The successful methodology
developed after outbreaks on pig farms in
the Cauca Valley gives a better understan-
ding of the requirements for work with beef
A-40

cattle. An epidemiological model of the
discase has been prepared to assist
economists in preparing their correspon-
ding economics model. A complementary
and more detailed description is given in
the Economics section of this report

Hemoparasitic diseases (anaplasmaos -,

babesiosis)

Farms have been selected from the |7
under economic study in the Cauca Vi
to analyze the benefits of immunizing stoc,
against anaplasmosis and  babesiosi
Eqgual numbers of calves under normu!
management and immunized calves are
being compared on each farm. Calves on
two farms have been immunized up to
now. This study is being carried out in
collaboration with ICA.,

PRODUCTION
SYSTEMS

Foud crop production
Green manure crops for allic soils

Last ycar effects of liming on dry matter
production and nitrogen yield (kg N| ha) of
several green manure crops grown at
Carimagua were reported (1974 Annual
Report). Highest N vields were obtained
with indigofera, followed by cowpea,
velvet bean and crotalaria. After incor-
porating the green manures, two varieties
sach of corn(H-207 and Carimagua-2) and
sorghum (BR-64 and E-57) were planted
across the green manure treatments. They
also received 50 kglha P20s, 50 kgl ha of
K 20, and 50 kg N|ha as urea split-applied
at 10 and 57 days.

Corn and sorghum are very susceptible
to soil acidity and vields of both with zero
and 0.5 ton of lime| ha were practically nil.
The results reported are the averages of the
2 and 6 tons|ha lime treatments only.
Sorghum was harvested as green forage



because ol bird damage to the grinn. Figare
13 shows the response of the corn and
sorghum varieties to jncorporated green
manure craps. Fhough vields were low,
hoth crops responded best to incorpora-
Gonool cownei, tollowed by velvet bean or
sdigefera, and least to incorporation of
~otalari, Fhe poor respose to erotalaria
aid be due ro ity very low N-content
S compared with the other green
cire crops (2.4-280 Cowpea incor-

i comsistently produced

IR STS

owever,
st vields ot cornand sorghum. despite

ower Novield chan mdigotera.
pillage systems

With the rising cost of machinery and
tuel and the wvallability of better her-
bicides. worldwide mterest i svstems of
minimum  tllage has greathy nereised.
Under the 1lanos sttuation, nummum
tillage tor food crop produciion seenn
feasible after sutticient lime has been
applied and incorpora.ed. In 1974 4 il

1.7

H-207 Catimiagtia-2

1o{" 1

"
T

Muaize grain (tons| b

Crotalatia

indigatery
Vehet bean

Conpea
Cownpean

was established to compare effects of four
tillage svstems on corn yields after the
initial application of 2 tons of lime| ha and
the production of one uniform corn crop.
Although  vields were low due to Al
toxicity, highest corn vields were obtained
without soib tillage, plicing only the corn
residues trom the first crop in the row as a
soil mudch.

In 1975 another 2.6 tons] ha of lime was
apphicd and uniformly incorporated, in-
creasing the hime level to 4.6 tons] ha. The
following unitorm crop of upland rice
(vanety CHOA-6) produced an excellent
vield of 4.7 tonstha, Again using four
tllage systems, a0 crop ob black beans
(Porydlo Sintetico) was sown. Though not
ver harvested, the weight of green plants
and green pods indicates best plant growth
with o mimmum  tllage system of one
dishing  without rnidging. This system
appeirs superior to tie traditional system
ol ptowing, discing and ridging.

BR -4 I:-87

6.0 o J -

Sarphum green forage (tons ha

40}

\ eivet bean

Cowpea

£
[
-
p"
-

Conpea
Tudigetera

0

Avy of 2and O tons B e treatinents

Figure 15, Response of two maize and two sorghum saricties ta the incorporation of various green manure

crups before seeding at Carimagpua,
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Plantain fertilization

Plantain is a staple food for people of the
Llanos and is produced around the
farmhouse, in old corrals, or in cleared
gallery forests where it grows well and
apparently without nutritional problems.
However, when grown in plowed savanna.
without fertilization, plants develop poorly
and hardly set fruit; they seem (o suffer
fromseveral nutritional problems. In order
to determine the plant's main nutritional
requirements on these savanna soils, an
experiment was planted in 1972 with
arious levels of N PLK, lime and farm
manurce. using a San Cristobal experimen-
tal design. Afwer analszing the hanvest of
1974, treatment levels were slightly ad-
justed. Table 28 shows the tota) vields tor
1972 to mid-1974 and tor mid-1974 (o
1975, averaged for each treatment over all
other treatment combinations.

In the tirst period. greatest TesDOnse
came from applications of 200 ke KO ha,
100 kg POsand 10 1ons manure; ha. here
wis little response to Fring ornitrogen. b

Fable 28

1975, greatest response again was ohtained
from the highest level of K foilowed by
applications of . N and farm manure,
There was o large 1esponse 1o the
application of 1 ton: hu of lime, compiged
with the redduad efteet o1 othe i
treatments applicd in | bl
beneficial - citeet of e 9T L
appheations wis also Ghaerved . but Larer
production  dropped  due 1o aprirent
discase andior micronutrient probleus.

et

Herd production Systems

Fhe purpose of the hor svatems and
related carh WCATHNG N Hments 1y to
provide mtormation tog elopme ife-
evele production systems st wil) nereise
produectivity und pro asing  today's
cattle, pastures, techneoey and g
mentshills Tnaddition, i Npernnenti-
ton wilbassistintegral’. o identdy ine and
characterizing weehnieeicn! harricr (o
achicving turther soocuerion ndreases.
Fhe overniding consid iution is 1o deter-
mine how to feed and maniee the cow so

sherebiceds amce most cows Qrazing

Yield vesponse of platain tfresh fruin (o, hnnng and fertilization, ( RIJTITRTUTI

e e
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pastures in allic sodl arcas don’t conccive
again untl the nursing calt s weaned,
resulting in a calf every two vears.

Herd systems experiment, JCA-CIAT
(Carimagua)

This experiment is designed to deter-
mine  the Jife-cvele effects of varous
management  practices and  production
inputs. [reatment variables beiween herds
include  pasture  systems,  mineral
supplementation, and protem supplemen-
tation during the diy season, Within herd
treatments include carly vs normal wean-
ing. and alternative use of Zeba and San
Martinero bulls in cach herd.

Pasture treatments

Pasture treatments melude grazing of
native pasture all vear. molasses grass
i Afetine onnuritloray in the rainy season
and mitive griss in the dry season, and
mokisses wrass ail vear. Whereas seasonal
ditferences have been noted. vear-round

anmmmal  performance. as measured by
crowth and  reproduction. have been
similaron o all pasture regimes where

mineral supplementation has been provid-

atie LY

1974) Herd Systems I, Carimagua,

ed. First-call heifers  which  received
minceral  supplements  weighed  ap-
proximately 330 Kilograms (1974 Anoual
Report), just betore the beginning of fiist
calving and had shmilar calving pereen-
Gaees (80 to 91 O the finstyears calf erop
Crable 29 Inthe second call crop tor the
fist six months of 1975, calving pereentage
ranged Trom 34 1o 83 percent, with highest
pereentiges 045 to 83) observed with the
regiine ol molasses grass in the rainy
season and native grass inodry season
( Fable 300, Calving percentages for cows
on cither native grass or molasses grass
alone were sumilar (35 to 6117).

In analvzing reproductive performance
since the initiation of breeding hetweer
Mav, 1973-Fune. 1975, average number of
calvings;cow was slightly higher for the
molisses grass-native grass combiration
(1.62) as compared to native grass alone
(1.47) and molisses grass alone (1.45).
Caiving intersal also favored the native
grass-molasses grass combimation (149
months) as compared to native grass alone
(15,4 months) and molasses grass alone
(15,8 months).

Fhese results suggest hittle advantage for
improved  molasses  grass  pastures.

Reproductive performance in the first call crop (calves born between Iebruary and Decemher,

Pune from begimning of

No oot Nooaof Noool o Cabing Abortions breedimg 1o conception
Frooment Herd  cons births  ahottions (7)) ) (month)
Cnntrol ! kA 14 I 50.0 294 5.24
Nt fastine 2 kR 17 13 S1.S 9 T4
RUTHIENEN 3 24 15 7 51.7 241 Y. 7K
Natture poovie 4 3l 27 2 LY 6.5 4.27
and con lete minerals S ER] 30 | Y09 0 4.74
Nty pasture and 6 5 30 1 RS.7 K.0 420
imolasses grass and 7 34 3t 0 91.2 0.0 518
complete minerals
S sdisses griass and X 34 3 0 412 Ho 4.55
auplete mierals Y 32 2% 3 K7.5 9.4 1KS
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Table 30. Reproductive performance in the second calf cro

P (calves born or to be born in 1975) and total number of births and atortions to date,Herd System I,

Carimagua.
Time
No. of No. of 1975 ta7s between
No. of births. abortions. calving atorions calvings, Total Total

Treatment Herd cows 1975 1975 () (0 {months) births abortions
Control | 28 15 1 55.4 36 215 29 2
Native pasture 2 33 12 0 65.5 0.0 204 29 13

and salt 3 29 19 0 05.5 0.0 20.9 34 7
Native pasture and 4 31 19 0 61.3 0.0 15.6 46 T2

complete minerals 5 33 IR 0 54.5 0.0 15.2 43 1
Native pasture and 6 35 29 0 829 0.0 15.2 59 3

moliasses grass and 7 34 22 0 64.7 0.0 14.7 53 0

complete minerals
Molasses grass and 8 34 19 1] 55.9 0.0 15.2 50 0

complete. minerals 9 32 18 2 560.3 6.3 f6.} J6 4




However where pasture land is limiting,
production can be increased by es-
tablishing improved pastures, which will
generally have @ higher stocking rate than
native grass pastures in the rainy scason.
Also. improved grass pastures will often
provide a higher plane of nutrition during
the rainy season. resulting in improved
performance of animals in more nutrient
demanding phases of the production cyvele.
e.g. breeding bulls, weaner calves, brood
cows. [attening cattle. However improved
grass pastures may or may not have an
advantage over native grasses in the dry
season. Actually Melinus minuiffora has
shown to be intetior (1974 Annual
Report).

These results abso indicate that the lower
arcas with high water tables can be used to
advantage during the dry season sinee soil
moisture Is adeguate to support pasture
plant growth. The usual grazing procedure
is to utilize the higher. weil-drained
savannas in the rainy season, and the lower
arcas in the dry season. An exception
would be pastures hised ontropical forage
Jegumes. which are generally deeper rooted
than grasses and can tap subsoll moisture.
They will often provide good pasture
during the dry scason in the higher well-
drained arcas.

Mineral supplementation

Cows on native pasture that received
mincral supplementation had signiticantly
higher calving percentages (P<<.01) in the
first calf crop than non-supplemented cows
(8% vs 5207, shorter intervals (P <<.01)
hetween beginning of breeding and con-
ception of first-calt heifers (45 vs 87
mounths). higher number of calves|cow (P
001) through mid-1975 (1.47 vs 1.02) and
shorter interval (P<<.001) between calvings
(15.4 vs. 20.7 menths (Tables 29. 30 and
31). Caleulated  abortion  rates  were
significantly lower)(P<2 001 in mineral
supplemented  herds (0.5 vs 32 ubor-
tions] cow). Mineral supplementation is a
readily applied production practice that

will often increase productivity and profit
(Fig. 16).

Protein and energy supplementation

Supplementation during the carly part
of the first vear's breeding season (1973)
with a urca-sugar supplement did not
improve calving pereentage. nor reduce the
interval between initiation of breeding
weison and conception of tirst-calt heiters.

Fhe toregoing treatments were discon-
untied. and mokisses-urca-sulfur (500-80-4
gl headdas ) supplementation during the
dry season (December through March)
was initiated in December. 1973 1in one ol
the two herds incach pasture regine with
minerals therds 4.0 7. 9) and without
minerals  (herd 230 Up to mid-1975
molisses-urea supplementation has had no
signiticant eftect on calving percentage or
interval between calving (Table 31).

Serum phosphorus levels

Blood samples have been taken once
every niny scason (April to November)
and once every dry season (December to
March) sinee heifers were first brought to
Carimagua in February, 19720 Blood sera
were  analvzed  for serum inorganic
phosphorus and initially tor some other
minerals,

Dita in Table 32 and IFigure 17 are only
tor heifers that had not calved and did not
receive i protein energy supplement just
hetore blood sampling.

Until July 1972, all heilers were grazed
together on native pasture without mineral
supplementation. Serum Polevels were
similar tor all herds during this period and
were lower in the rainy season than in the
dry scason (P=01).

Alter the sampling in July 19720 the
heifers were divided into nine herds and
A-45
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Fable 31.  Calving interval, conceptions. abortions and births, May 1973 to June 1975, Herd Systems I, Carimagua.

Calving Avg, Avg. Avg.
No.of interval Total conceptions Total abortion Total births
Treatment cows (months) conceptions per cow abortions per cow births per cow
Minerals
Salt 62 20.7 83 1.34 20 .32 63 1.02
Salt + minerals 64 15.4 97 1.52 3 .05 94 1.47
Pasture
Native grass 64 15.4 97 1.52 3 .05 94 1.47
Native grass +
molasses grass 69 : 149 s 1.67 3 _ .04 12 1.62
Molasses grass 66 15.8 101 1.53 s .08 96 1.45
Protein supplementation
None 131 16.5 202 1.54 T 08 N 146
Urea + molasses 130 16.8 194 1.49 20 15 i74 1.34
Weaning
Normal 223 17.3 321 1.44 28 A3 294 1.31

Early 38 ' 129 74 1.95 3 08 71 1.87
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Table 32, Mean serum inorganic phosphorus levels {mg P| 100 m! serum) in heifers hefore calving.

Feh. 1972 July 1972 Mar. 1973 June 1973 Feb. 1974 Sept. 1974 Jan. 1975
—_— —_— —_—
Herd I'ri* Noo Mean i N, Mean e Naoo Mean re* Noo A\lean Irt* Noo Mean  Tros N, Moean Fri* No. Mean
i A RS Y AN 1y A3 68 A 3 8T A4 4.30 \ N 6.37
2 A R S T [ R SR & A O X A3 7. A 6 4.602 A2 351
3 A I OS560 A 7T 393 A28 587 A 5 34N A28 5.71 A2 RAY A6 529
4 A 37 549 A 36 408 B 2 S.X7 B 7 S.09 B o 554
5 A ¥ 530 A H a4 B 25 s34 B 7 6.22 B 2% 614 B 9 R B 7 5.20
6 A 37 542 A 3 19) B 23 s c 7 6.73 B 330 569 ¢ s S 14 B 7 5.26
7 A I 528 A IS 399 B % 486 c 7 7.2 C 9 5.53
X A ¥ 577 A 38 4.3 C 26 7.00 C 7 6.25 [ Q) 6.79 C 6 Syl L QI 7.0
9 A 7517 A 37 3R C 3% N0l C 7 5.66 C 3 5.78

* Breatment. A natine pasture ¢ salt only. B nginge Parture » manerat s mcbuding IO Mulgeses Lrass s muneral may inchudmg



A =emmmmas AU Native pasture with lt only

1

B ———— R Nutive pinture with salt and minerals
P e 2 MoJasses grass with salt and minerals
Br———=—- ChAmmals altermatisely on mative pasture and molasses griss with minerals
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Dy Wet by Wet by Wet 1y

brgure 170 Changes in serum inorganie P levels in heifers, Feb. "71-Jan, *75,

not  reduc:d  as much  in mineral  but not in those that received a mineral
supplemented herds (4-9) as in non-  supplement (Table 36).

stpplemenied herds (2 and 3) At the While the above mentioned effects were
heginning of the dry season in January  marked indeed. it should be noted that
975, lactation tended to reduce serum Pooafter July, 1972 large differences between
tevels in non-minerad supplemented herds  replicated herds also oceurred.

Table 33 Effect of urea ana sunar and cottonseed meal supplements on seram P levels June 1973,

Sub-treatment

Main Control Sugar + Urea Cottonseed meal
Herd treatment No. Mean No. Mean No.o Mean
2 A 6 4.02 7 423 70594
R} A 5348 7 2%3 7502
4 B 7 509 7 4.67 7 589
5 B 7 622 7 4.75 6 562
6 C 7 673 7 6.30 6 7.01
7 (& 7 7.0 O 000 S O0.K8
(@ 7 625 6,52 T 6.04
4 ¢ 7 5.06 7 621 760,50
Mean 5.0 5.20 6,20
¢ lrcutient A pubs pasture © aitonbc I nateg pasture o e il mnomcuding 8 0 Molises Frass e el e iy 1

A-4)
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Vabie 34 Effect of supplementation with molisses
and urea on seram P levels, F chruary 1974,

Wathout molisses With molisses
* e tourea
Mamn
Herd teeatment Naon Mean  Na. Muian
! A RU) 5.77
2 A\ RE 5.20
i A 25 ST
4 B 25 5.60
S B 28 o014
6 B ki S.69
7 B 2 5.30
N (& 21 6,79
Y (& 27 nY]

S olreannent A e e pustiee - oeait o 14 bative pastiite « e

[TANHIWETS VI LAY SN YRR Lhass  nnnca! ey nchabing B

Early weaning

In cach of herds 2 through 9 five cows
have been selected for early weaning of all
their calves in successive calf crops it 2.5
months  of age. A highly  significant
improvement was obtained in rebreeding
of heifers following the first calf crop
through carly weaning (1974 Annual
Report). However, it is recognized that the
true effect can only be measured over at
least two successive calf crops, and that
improvement  in rebreeding  would
probably not be as great following later
all crops. as compared to the first, lipto
mid-1975, well into the second calf crop,
carly weaning has had a highly significant
elfect (P==001) in reducing the interval
between calvings (129 vs [7.3 months).
and increasing births|cow (1.87 vs 1.3,
compared to normal weaning at nine
months of age (Table 31, Fig. 18).

Feeding and management regimes for
the carly weaned calves are described in the
1974 Annual Report. Of the limited
number of animals, that have reached 18
months of age, normal weaned calves
weighed 50 10 60 kilograms more than
carly weaned calves. suggesting that basic
growth was reduced in these carly weaned
silves,

A5

Results of another experiment to com-
pare effeets of carly weaning on rebreeding
of cows from three commercial ranches
and the effects  of  different feeding
programs for the carlv-weaned calves are
discussed in the next section,

Early weaning experiment in Llanos and
CIAT

A complementary carly weaning experi-
ment with three ranchers in the Llanos was
initiated  to  determine  the cffect on
rebreeding. and also to compare different
call rearing 1echniques. A group of 100
cows were selected that had calved at the
beginning of the dry season. that were
open, and that had nursing calves. Qne-
half of the calves were weaned a9 days of
age, and the other half continued nursing.
All early weaned calves were taken to
CIAT (Palmira) where different feeding
regimes were compared (Fig. 19).

Cows whose calves were carly weaned
had a significantly higher pregnancy rate
(X2 <<.01) four months after calves were
weaned as compared to their herd mates
who were still nursing calves (76 vs 10.9%¢)
(Table 37). This difference, of course, will
narrow with time. However. with another
Llanos  collaborator. a 100 percent
pregnancy rate was noted in cows cight
months after calves were carly weaned. as
compared to 50 percent in cows still
nursing their calves. Removal of the
nutrient drain for lactation for cows on a
marginal plane of nutrition eliminates
excessive weight loss. enabling the cow 1o
rebreed sooner,

Calf rearing and feeding regimes tested
in CIAT included fresh chopped
Stylosanthes guvanensis and Desmodium
distortum fed in corral. and Brachiaria
mutica {(Para) and Crnodon nlemfuensis
(Star grass) as pasture. cach with and
without 750 glconccmmtclhcudlday
(Table 38). Overall treatments, calves that
received concentrate had significantly (P<
01) higher gains (399 vs 274 gl head| day).
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Table 35.  Effect of lactation and supplementation with molasses and urea on serum P levels, January 1975,

Without molasses + urea

With molasses + urea

Main Heifers Cows with Non-lactating cows Heifers Cows with Non-lactating 60\\,\‘
Herd treatment not cajved nursing calves {early weuaned calves) not calved nursing calves (carly weaned calves)
No. Mean No. Mean No. Mean Na.o Mean No. Mean No. Mean

1 A ¥ 6.37 13 5.60

2 A 14 496 9 464 4 178

3 A 6 5.29 12425 3 638

4 B 4 501 20 514 3 6.04

5 B 7 520 I8 5.32 5 5.27

6 B 7 5.36 20 5.01 5§ 545

7 B 6 476 21 48S 5 6.6

8 C 3 7.00 . 21 6.47 5 5.6l

9 C RIS IS 568 5 627
Mean 5.84 5.33 5.6K8 Ss Tt 5.89

tunweighted)

* Treatment: A natise pasture + wlt onlyv: B native pasture « mineral min incloding P, C. Mokisees crase = anmeral no
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Effect of lactation on serum-§ levels of cows, September 1974,

Heders Cows with Non-lactating cows
Mam not calyed nursing calves tearh weaned calvess
Hurd Fredtment Noo Maan No Mean Nooo Man
| \ 14 430 [REERIRN)
2 \ AR 6 S oot
3 \ 21 Yoo v 40
4 B 6 S5 I 30N 5 88
B y s 200 4N AR B
6 ¢ S84 233 u0 RN
7 ¢ Yy 853 19 47N Ho5
N . 6 Sl A IR R TG 6N
9 ¢ 1875 19 S0 SO
¢ Treatment A ngtive pastuze @ salt onby Bt past g s el mes cnatae B0 AL ) ot e |

Highest gains with forege alone were
obtained with Star grass pasture (394
glhead|dayv) followed  successively by
Desmuodium distortum, Para pasture and
Stvlosanthes guvanensis (346, 200, 157
glhead]day). Vhese results indicate that
calves weaned as carly as three months of
age can be successfully reared onimproved
grass pastures with only limited amounts
of concentrates, without the need to feed
fresh chopped  forages in confinement
feeding regimes Pasture  systems are
attractive, in consideration of reduced
problems with discase and  parasitism,
reduced labor input. and the limiied
amount ot pasture required per calt.

Lable 37 Pregnancy rates of dams with carly and
normal weaned calves four months after
varly weaning, Caja Aprarin-CIAT,

Vv Hlavicencio
Poreentane pregnant
Pams with [ with
carly wened Hursing

Farm valves vithes

A 733 133

I URIR] [

(& 650 S

All farms 76.0 [T]

Atter the two-month trial all calves were
placed together in Para pastuire, where they
will remain until they reach I8 months of
age. Ninety-two days after terminating the
trial,  ditterences  between  pasture
treatments and concentrate feeding were
much reduced (table 38),

These data indicate that carly weaning is
a practice that could beapplied inthe shont
term for significantly increasing calving
percentage.  However, improvement in
rehreeding will be cconomically advan-
tageous only it cost of feeding the carly
weaned calf is not excessive, and if basic
growth of the call is not impaired.
Investigations will continue to determine
the teasibility ol carly weaning.

Intensive production systems

[wo experiments were conducted at
Palmira to  evaluate  performances of
crosshred steers (Charolais x Zebu) fed
chopped clephant grass alone orwith other
feeds.

In the first expeniment, 16 steers were
assigned randomly and ted individually
according to the four treatments shown in
Fable 39. Due to reduced torage produc-
tion later in the period, one animal was
removed from cach treatment group alter
seven months, During the 364 days of the

\-53
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Growth performance of carly weaned calyes,

Foveweight gain (g head “day)

Concentrate

Forage None

TS0 g head

dav, Peniod |

Average

Pasture

SEar griss

Petind 1 94
Period 20t 420
IYara
Period | 200
Period 2 k1L
Legume
Desmoditon dintortim
Peniod | 46
Petiad 2 370
Stylosanthes s anensis
Period | 157
Perind 2 kXY
Average, Period | 274
Averape, Peried 2 i6l

503 149
199 Ji
3 252
7 RIT
479 412
I8y 177
Y hRE
39 R
399

150

Penid U \pedd % 1, Junc 11 j9=s

oPenod 2 hune 11 Sept 1) TS

experiment, the one hectare of elephant
grass  produced 2,638 kilograms  of
liveweight gain (including the four steers
during the first seven months). Table 39
shows  performance for the 12 steers
completing the experiment,

Steers receiving cottonseed 1eal and|or
molasses with the elephant grass gained
faster than those consuming only clephant
grass. Adding molasses and cottonseed
meal increased dry matter consumption,
while cottonseed meal alone or combined
with moiasses produced more efficien
gains.

Ina second experiment, individually-fed
steers received  chopped clephant grass
alone or with freshly cut cassava forageasa
protein supplement in proportions shown
in Tvible 40. Steers consuming cither level
of cassava forage gained  significantly
A-S4

faster and converted feed more efficiently
than steers consuming only the clephant
grass. Performances of the two groups
receiving  cassava forage didn't differ
significantly, indicating that the 25 percent
level of cassava provided sufficient protein,
Noadverse effects were noted amongsteers
consuming the freshly cut cassava torage.

Field application of results

Although sufficient data are not yet
available to measure the individual and
combined effects of the foregoing produc-
tion practices. these results clearly indicate
that significant increases can be achieved in
animal productivity and productivity | hee-
tare, by applving available technology:,
Production practices that can he applied in
the short term include mineral supplemen-
tation. early weaning and pasture systems
using native and|or improved grasses in
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Peiformance of Charolais v Zebu steers fed chopped elephant grass atone o supplemented with
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high arcas during the rainy season and
native pastares i fow areas during the dry
season [t expected that use of legume

bised  pastures will turther  increase
productivinn, particularly in the dny
season,

[Family farm unit

The family tam uint s operationad
under steady state conditions as deseribed
in the 1974 Annual! Report. Thus tar the
farm operator has proven responsive to the

application of improved production prac-
tices, and has demonstrated his capability
to manage the unit and pertorm necessary
farm work,

Valuable information has been obhtamed
on the establishment and  grazing of
fepume griss pastures, Stvlosanthes
humidis population hus markedly inereased
whereas  Stvlosanthies  gavanensis has
dectined inassociation with Paspalim
plicarcdum. P plicardum has persisted.
Indigotera hirsuta was readily established

Labic 40 Perdormance of steers fed chopped ciephant grass sdone or wide cassasa forage for cight manths,

Fiophant wrass

TS clephant prass SO elephuant prass

CSOY Cassnva taraee

alone DN Cassavat otape

Nuher ot g 3 } }
Il wehr tbey 263 S 2703 2700
Froied soereht thy RR IR 7 1790
NMverape dinh pasn o 60 461 Dy 14500
Doy satter consmed (hg g 54 (R} 6l
Crude protemn it 6.0} 7 114)
Feed ctticienes *? 176 {3 7h [17h

S M felowed boshe sty better e ot b biGentis diftennt (1 e Dty
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in combination with 2, plicatulum.
However, since cattle thus far have refused
to graze the L hirsuta, Hyparrhenia rufu
was  strip-seeded to reduce £ hirsira
population,

Calculated herd calving rate in 1975 was
50 nereent, lower than expected. It s
expected  that calving pereentage  will

improve somewhat when the 50 hectares of

improved pasture become available on a
continuing basis. There were no death:: in
either calves or older animals.

Production of food crops has generally
met expectations. Aceeptable yields have
been obtained with cowpeas and rice.
Platano seedlings have made good growth.
A flock of chickens to produce eggs and
meat for the farm family are maintained
using farm produced feedstuffs,

Model simulations of small farm units
based on beef cattle enterprises  are
reported in the Economies section of this
report.

TRAINING

Eight  posigraduate interns  received

training during the vear in the Beef

Program. This category of tratning totaled
58 man-months or about seven months of
training per individual. The internships

deal principally with the teaching  of

rescarch methodology  within the  dis-
ciplinary interest of the traince. Various
scientists in the animal health and forages
sections supervised these trainees.

The number of special  trainees (s0
classificd when they stay less than three
months at CIAT) increased substantially
over the past year. Thirteen students (29
man-months) spent approximately two
months cach at CIAT. Nine of the 13 were
supervised by stafl in the animal health
section; the others did short-term projects
in the pastures and forages and weed
control sections,

A-&o

The  number  of visiting  research
associates is also increasing rapidly. Two
doctoral studenis are now working on their
dissertation projects in animal health, two
in animal production, two in pastures and
forages and one in agricultural cconomics,
The major costs associated with these
projects are funded by educational grants
from outside CIAT. The research done by
these associates contributes to the overall
objective of the program as weil as partially
fultilling their university requirements.

During the year, three research scholars
received their masters degrees with cither
partial or total financial support {rom
CIAT. Two degrees were awarded for
projects in animal health and one in
cconomics. Three other rescarch scholars
have begun their masters programs and
will receive their degrees in 1976,

The total training time within these four
categories is 366 man-months, about 30
man-years ol training and two man-vears
of training per senior scientist in the Beef
Program.

Livestock Production Specialist Training
Program

The fourth  Livestock  Production
Specialist Training  Program (1.PSTP)
began March 1, 1975 and lasted for en
months. Based on information gained
from previous LPSTP's, several changes
were made to strengthen the program.

(I Stnee many factors such as nutrition.
management and preventive medicine are
significantly different in the production of
beel cattle vs. swine, it was decided (o
concentrate on beef cattle in the fourth
course (1975) and design a separate course
for swine production to be offered in 1976,

(2) In reviewing the activities of
graduates from previous courses. 1 was
found that they were doing very little to
impart the knowledge gained at CIAT to
colleagues withing their own institutions



-ua huasic objective of the LPSTP. A
contrihuting factor to the limited success in
achieving a “multiplier effect™ at the
nationad level appears to relate to the fact
that onhy two or three participants were
corotled trom each country. Thus, an
Lhciont number of  personnel wers
“aned from a single country to
v change in the  traditional

Al education process.

are, in the fourth LPSTP, par-

+ {nine Coiombians and 1

Aavuns) were selected from only two

~wSelection was contingent upon

sturning to i position where the

wo adge gained at CEAT would be

o0 training others within their own
{ons,

i) Realizing  that  recent college
. foates manimal science and veterinary
mwdicine need to be better prepared to
cope with practical aspects of animal
production. more university iastructors
(30¢ of che total) were selected to take the
course. Thev will be 1in a position to
troduce  and|or improve production
courses at the university level.

(4) The ranch phase of previous courses
was  always conducted on commercial
ranches on the Nortii Coas of Colombia,
irrespective  of the nationality of the
participants., For case of administration
and logistic support, the location was ideal;
however, it was less than deal for non-
Colombian trainees, who encountered
ditficultics inadapting to the local environ-
ment. The social customs, economic
relationships in livestock production, trade
names for local agricultural chemicals and
drugs. and even the local vocabulary for
agricultural terms  presented  problems
which made the learning  experience
somewhat less than optimal.

To eliminate these barriers, the 1975
course was restructured so that the 11
Paraguayan trainces spent only three
months at CIAT (in the theory phase,

taking advantage of the facilities and
learning from the scientific stafl) after
which they returned to Paraguay to do
their ranch phase. One training assistant
was placed in Paraguay to assist the local
institutions in carrying out the ranch
phase.  The University of  Asuncion’s
Yaculty of Veterinary Medicine and the
Ministry of Agriculture are supporting the
training program there.

Colombian trainees are being trained in
the North Coast of Colombia as before.
The level of discontentment, which was a
time-consuning element to be dealt with in
other courses, has all but disappeared.

(5) Also. tor the first tine, all ranches
selected for practical training have govern-
ment development loans, This is viewed as
a demonstration of the rancher's interest in
mproving his ranch and thus provides a

more  favorable enviconment for  the
trainee to work.
In addition to its formal training

function, the LPSTY provides the oppor-
tunity for trainees (all college graduates)
and CIAT staft members to study m-depth
the ranchers' problems and actively par-
ticipate (at the ranchlevel) in the search for
better technology which will be accepted
and will contribute to improving ranchers’
sitnations, Following are some practical
ohservations obtained from  experience
with the LPSTP,

Fxperiences in the North Coast of
Colombia over the past four years ciearly
show that milk production on beef cattle
ranches is an integral part ol the ranch
operation and accounts for a large portion
of the milk produced in the region. The
increasing popularity of the system would
indicate that it is profitable: however,
insufficient data exist to make any con-
clusions. Calves from non-milked cows are
heavier at weaning:; however, the difference
at 18 months s less noticeable indicating
that preweaning retardation in calf growth
by partial milking of the dam may be

A-S§7



recovered (compensatory growth) by one
year postweaning,.

‘This system requires (1) the cows to calve
throughout the year, and (2) that the calf be
present at cach milking to stimulate milk
let-down. This production system makes
the adaption of conventional beef produc-
tion management techniques very difficult.
The establishment of a breeding season,
which makes weaning, sclection, herd
health, record keeping and marketing less
complicated, s virtualiv impossible. The
present system (dairylbeef) approaches
more closely that of a dairy operation,
which requires a more intensive type of
management. Thus a very claborate
management system is needed in a region
where tie more basic animal management
and healtl: prectices ire difficult to imple-
ment.

The most critical problem (in terms of
available solutions) encountered by the
LPSTP is that of maintaining an adequate
nutritional level during the three- to five-
month dry season. This problem drastical-
Iv reduces annual meat and milk produc-
tion in wany  lowlind regions. The
preservation of forage (hay or silage) is
unattractive due 1o high cost and weather
complications at critical harvest times.
Using mature sugar cane as a drv season
supplement offers promise because of its
ability to produce large amounts of stored
energy during the wet season and maintain
its nutritive value during the dryv season
whenitis needed. The LPSTP-cooperating
ranchers who have fed sugar cane during
the dry season are convineed that it has a
place in their management programs.

Development of instructional materials

Animportant function of training in the
animal sciences area is to work with the
scientists in the development of instruc-
tional materials that are used in CIAT
training programs and also made available
to national institutions.

A-S8

Prior to 1975 the majority of the training
materials produced were in written form
with relatively few illustrations, Color
slides were used for teaching; however,
copies were not available to give to the
trainees because of high cost of reproduc-
tion when done on a small scale.

It was apparent  that informatio:,
generated at CIAT and elsewhere should
be organized and put into a format most
conducive to learning. By so doing. the
quality of instruction would be improved
and valuable time required several times
cach year to repeat basic principles in
rescarch and  production methodolouy
could be more effectively utilized tor other
topics.,

This vear work began on developing
audio-visuals, in the form of shde! cassette
programs, utilizing existing equipment and
factlities.  Twenty-cight orograms  con-
sisting of 35-mm color shaes plus a written
script and|or audio cassette were begun,
Thirteen of these were completed on the
following topics.

(1) The care and management of buby
pigs from birth to weaning,

{2) The Baerman technique for iden-
tifving Dictyocaulus larva,

(3) The McMaster technique for iden-
tifying gastrointestinal parasite cggs and
vocist seimeria.

{(4) The control of weeds in lowland
tropical pastures.

(5) Identification of weeds in tropical
pastures.

(6) Beef cattle the
lowland tropics.

management in

(7) Methods of cattle identification,
castration and dehorning.

(8) Necropsy techniques in bovine,



(9) Necropsy techniques in swine,
(1) Babesia card agelutination test.
(1) Common diseases in swine.
(12) Preparation of antigen.

(13) Immunization practice in Babesia.
OUTREACH

Outreach continues to receive particular
attention since the effectiveness of the Beel
Program in contributing to the develop-
ment of the lowland tropics will be largels
determined by what 1s done through and
with national institutions,

Follow-up continues  of  visits  and
contacts previously made inoall Laun
American countries to identity trainees. to
provide technici! counsel as possible and
when solicited. and o explare possibifities
for colluboruative projects.

Three workshops were held. The tirst
on hemaparasites  brought together 83
participants from 17 coantries, The second
was an cctoparasite workshop on the

ecology and control of external parasites of
cattle of economic importance in Latin
America.  Participants  included 75
specialists from 21 countries. The third was
a workshop on the characterization of the
livestock cector in selected countries, with
29 participants from the Americas.

Special project support was provided by
USAID  tor  the cooperative  Texas
A&M | CIA T hemoparasite project; by the
United Kingdom Overscas Development
Ministry tor work i acarology: Iater-
national  Board  of  Plant  Genetic
Resources, in forages: Wageningen Uin-
nersity, in tropical animal  hushandry;
International Mineral and Chenical Cor-
porittion, in soils: International Fertlizer
Development Center, in sonls: Ford Foun-
dation, i livestock cconomies: and Inter-
American Development Bank,in training.

Collaborative  rescarch  and  training
projects were carricd out in Colombia with
the FCAL the Caja Azratia, and private
farmers.  Additonally,  collaborative
research and training was conducted in
animal  health wuh  the  International
Center for Medical Rescarch, Cali, Colom-
bi and the Pan-American  Zoonosts
Center,
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AYCARDI, E. R, Enfermedades de la reproduccion, Cali, Colombia, CEAT. 1975 (Abstract).

Paper presented at 1 Congreso I atinoamencano de Buatria, Matacaibo, Veneruela, 1975,

s SALAZAR, L and CORTLES, .
cattle. Cali, Colombii, CIAT. 1975 (Abstract)

M. [utections bovime rhinotracheitis susvey in range

Paper presented at XX Workd Veternmary Congress, Safomea, Greeee, 1975,

* Lhis hist includes only joutnal articles publishad ontsde CEATS series



CORRIER, D.C. The cpidemiology of bovine ana

plasmosis and babcesiosis in the lowland tropics of Colombia.
Cali, Colombia, CIAT, 1975 (Abstract)

Paper presented in Workshop on the

Epidemiology and Control of Anaplasmosis and B
Scuth America, Centro Internacional

abesiosis in

de Agricultura Tropical, Cali, Colombia, 1975,

EVANS, D. E. Points arising from tick distribution data in Latin America. Cali, Colombia, CIAT, 1973
(Abstract).

Paper presented in Workshop on the Ecto

parasites of Economic Importance to the Cattle Industiy ..,
Latin America, Centro Internacional de

Agricultura Tropical, Cali, Colombia, 1975,

GONZALEZ,F. F.y TODOROVIC,R. A. Fvaluacion de la inmunidad co-infecciosa yestérilenel controlde Iy
bahesiosis bovina. Cali, Colombia, CIAT, 1975. (Abstract).

Paper presented at 11 Congreso Latinoamericano de Buitria, Maracaibo, Venezuel, 1975,

GUZMAN, V. H. Intoxicacién cronica por dcido cianhidrico en ratas v su interaccion con la proteina v ¢l
tiosuifato de sodio de la dieta. Cali, Colombia, CIAT, 1975. 175p.

Report presented in partial fulfillment for the Master

of Science degree, Universidad
Nacional| Instituto Colombiano Agropecuario, Colombia. 1975,

y MORALES, G. A. Intox

icacion en bovinos por nitratos acumulados en pasto elefante. Cali,
Colombia, CIAT, 1975, l6p.

MORALES, G. A. Leptospirosis in domestic animals and its importance as an occupational diseiase in human
beings. Cali, Colombia. CIAT, 1975, (Abstract),

Paper presented at 10th Congreso Latinoamericano de Patologia, Recife, Brazil, 1975.

Sylvatic enchinococcosis as a threat to hum

an beings in newly colonized areas. Cali, Colombia.
CIAT, 1975. (Abstract).

Paper presented at 10th Congreso Latinoamericano de Patologia, Recife, Brazil, 1975,
———e—__ The involvement of the capybara (Hvdrochoe

rus hvdrochoeris) in the epidemiology of 7.
evansi. Cali, Colombia, 1975, (Abstract).

Paper presented at 10th Congreso Latinoamerizano de Patologia, Recife, Brazil, 1975.

—————— . The pathology of swine dysentery. Cali, Colombia, CIAT, 1975, (Abstract),

Paper presented at 10th Congreso Latinoamericano de Patologia, Recife, Brazil, 1975,
————_and BELTRAN, L.. E. The

study of swine discascs in the Cauca Valiey. Cali, Colombia
CIAT, 1975. 63p.

)

Paper presented in Curso Organizado de Porcicultura, Medellin, Colombia, 1975.
———————— BELTRAN, L. E. and AYCARDI, E. Three agents involved in swine dysentery in
Colombia. Cali, Colombia, CIAT, 1975, (Abstract).

Paper presented at XX World Veterinary Congress, Salonica, Greece, 1975.
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MORALES, G. A VALDES, AL and BELTRAN, 1, E, Swine aphthous fever  devastating malady in the
tropies. Cule Colombia., CIAT, 1975 (Summary).

Paper presented in NN Waorld Veterinan Congress, Siloniea, Greeee, 1975,

RUBINSTEIN, F* GENLA M.and BELTRAN, L. . Feonomic osses from foot and mouth disease: a case
study on g piy faomon Colombia, Tropical Animal Health and Production 7:149-151. {975,

FHOMPSON, D, C. A review of hnowledge o the vectors of bevise anaplaismosis. Cali, Colombia, CIAT,
1975, (AAbstract).

Puper presented in Workshop on Fpidemiology and Control of Anaphistiosis and Babesiosis in South
America, Centro Internaconal de Agricultara Tropical, 1975

—_— Thevontribution of the basic scientist to arthropod control. Cali, Colombia, CIA L, 1978,
¢Abstract). :

Paper presented in Workshop on Fetopataates of Feonomic lmpottance to the Cattle Industry in
Latm America. Centro Internacional de Agnicultura Fropical, 1975,

TODOROVIC,R. AL Serologic diagnesis of babesiosiss a review. Tropieal Animal Health and Production 7:1-
f4. 1975,

Babesionis, Cali, Cotombia, CIAT, 1975, (Abstruct),

Paper presented at Symposwm on Immunology of Animad Diseases Catsed by Blood Portista, XN
World Veterinary Congress, Sadonica, Greeee, 1975,

Non-chemical control of blood parasites (Babesia spp.). Cali. Colombia, 1975 (A bstract),

Paper presented at XN World Veteninany Cangress, Salonica. Greeee, 1975,

v GONZALEZ, B F. Avances recientes en el serodiagndstico de babesiosis bovinr. Cali,
Colombia, CIAT, 1975, (Abstract).

Paper presented in Sesion 1 - Fotermedades Transmisibles y por Hemotozoarios, 11 Congreso
Latincamericano de Buiatria, Maracaibo, Venesuela, 1978,

—_— L GONZALEZ, E. F. and ADAMS, L. G, Babesia bigeming, Babesw are nona and
Anaplasma marginale. Co-infectious immunity in hovines, Experimental Parasitology 37.179-192
1975.

————————LOPEZ L A and GONZALEZ, E. F. Bovine babesiosis and anaplismaosis contiol by
premunition and chemoprophykixis, Experimental Parasitiology 37:92-104. 1975,

_—and TELLEZ, C.H. The premumition ol adult cattle against habesioss and anaplasmosisin
Colombia, South America. Tropical Animal Health and Praduction 7:125-131, 1975,

WELLS, E. A. Mecthods of tick control. Cali, Colombia, CIA T, 1975, Sp.

Paper presenited at 8th Inter-American Mecting (ministerial level) on Foot and Mouth Discise and
Zoonosis Control, Pan-American Health Organization, Guatemala, 1975,

$ANGEL, DL and MORALES, G, Mammalian reservoirs of Trypanosoma evansi in the
Llanos Orientales of Colombia, South America. (Ahstract). Journal of Protosoology 22:57A, 1975,
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WELLS, E. A,; AYCARDILE, and MORALES, G. A. Methodology of discase investigation in the tropics.
Cali, Colombia, CIAT, 1975, (Abstract).

Paper presented at XX World Veterinary Congress, Sulonica. Gireece, 1975,

Feonomics

VALDES, A.and ESTRADA, R. D). The interaction of credit and price policies in the adoption o) tevhanlogy:
the case of improved pastures in Colombian tropical savanna. Cali. Colombia, CIAT . 1y - Lip.

Paper presented at Seminar on Agricultural Policy, Inter-American Dey clopment Bank W 0y v,

D.C. 1975.

-=————————and FRANKLIN, D. L. Credit and price policies and the adoption of wehp Y
ante analysis for cattle ranches in the Fastern Plains of Colombia. Cali. Colombia, ¢ 1 AL e T,
Paper presented at International Warkshop on the Feonomic Analysis an the Desgy oo \
Technology for the Small Farmer, Centro Internacional de Agricultura Tropical. Cali, € ofonys
1975,

———————— GUTIERREZ,N. y PALADINES., 0. Modelos de sistemas de produccion de anad e
carne. Cali, Colombia, CIAT, 1975, (Abstract).

Paper presented at V Reunion Latinoamericana de Produccion Animal. Maracay, Venesuel, 1975,

Pastures and Forages
ARGEL, P. y DOLL, J. Control de arbustos en potreros. Cali, Colombia. CIA L. 1975, (Abstract).
Paper presented at VI Seminario de Comualti, Bogota. Colombia, 1975,

¥ DOLL, 1. Control de cortadera (Scleria prerota) v establecimiento de pasto. Revista
Comalfi 2(4):222. 1975,

————————— ¥ DOLL, J. Uso de¢ herbicidas en leguminosas forrajeras. Calj, Colombia, CIAT, 1975,
(Abstract).

Paper presented at VI Seminario de Comalfi, Bogota. Colombia, 1975,

——————————  DOLL. Ly PIEDRAHITA, W, Observacion del efecto de glifosato sobre 1 germinacion
de Paspalum virgatum. Revista Comalfi 2(3):180-181. 1975,

——————— DOLL, 1. y PIEDRAHITA, W, Control de malezas en las leguminosas forrajeras
(Centrosema pubescens y Stylosanthes guyanensis). Revista Comalfi 2(4):212. 1975,

————————  VILLEGAS, C. vy DOLL, J. Control de cortadera 1 Scleria plerota) v wacana (Heliconia
hihuai) en potreros. Cali, Colombia, CIA I 1975, (Abstract).

Paper presented at VI Seminario de Comalfi, Bogotd, Colombia, 1975,

FORERO, 0. ¢t al. Crecimiento de novillos en Lasabana tropical de los Llanos Orientales de Colombia. Cali,
Colombin, CIAT, 1975, (Abstract),

Paper presented at V Reunion Latinoamericana de Produceion Animal. Maracay, Venesuela, 1975,
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FORERO, O.¢ral Crecimiento vengorde de novillosen praderas de pasto gorduria ¢ Melinis ot lora jen os
L lanos Orentales de Colombin, Cialic Colombia, CEIA LT 1975 ¢Abstract)

Paper presented at V Reumaon Tannoamericana de Produccion Amimal, Maracay, Venezuels, 1975

VIELEGAN, Coy DOLLEL ). Factores importantes en apheaciones a tocones con horguetas Cab. Caolombi,
CINEL 975 i A bt

Paper presented at VI Senunano de Comalte, Bogota, Colombig, 1973
Frodacions Sivtenin
GOMEZ S eral Trectodeldestete precos envacas de primer parto con relacion a by siguiente prefies v al peso
Culic Cotombra, CEN T 1975 A bstracn
Paper presented at b Reunton Tatimeamericanis de Produceion ASmmal, Maracas, Venezueta, 1975
RAUNCNCS L epumes and lepume-vrassassocitions i the Amencan tropaes Cali, Colombi, CTAT 1978 7p.

¢
i

Paper prosented at vinth Vnnua! Contersnee en b nvestoch and Poulus L atn America, Unnersity of
)

Florda, Gnesyitie, 1972
Overview aof the incdoon mdasto i Latin Amenca In The Role et Ammads i the World
Food Situstton Conterence Working Papers New York, NY O The Rockedelin Foundation, 1978

pp. 2123

Prodictien potentas for tummantsoan the lowbad tropicsat Eatim Amenca In Phe Role ot
Antmads inthe Worid Focd Sseaanion Contercnce. Workimy Papers, New York N Y L he Rocketedler

Foundation 1975 pp onj.e3

STONAKER.HOH. Beer progicuan soaemns i the tropes. T ntensive production ssstens ontertde sols

A Ser didy ]2 [0S

crad Crecmerto de nosallas relacronando con mmentles v pastos Cali, Coloanbig, CEAT,

1975 (Abach

Papor presented oV Renmon Fatmoamencana de Producadn Aapnal, Maracn, Venezucks, 1978

STONAKER.H. H.cro! Mnerad-pasiure sustemsand Zebu growth-calving (Abstract) J. Anim, Sei 46 p.
2401975

etal Reproduccmnensacas en o lanos Onentales de Colombia Cali Colombia, CIA T,
1975 1A b tract)

Paper presented at V Reunion atinoamenicans de Produccon Anunal, Macay, Venezacla, 1978

ZEMMELINK, G, Etecto de piear sobre Bodigestiihdad de Seclosanthes gavanensi Cali, Colombra, CEALL
F97S. (Abstract)

Paper presented at vV Reumon Latimoiiericana de Producaon Ammal, Maracay, Venesucl, 1975,
— 2 NVador ottt de St losanthes prvanerses Cah, colombra, 2T J979 (Abstiact).

Paper presented at V Reundn Latnnoameticana de Produccion Anmmat, Miracay, Venesucela, 1975,
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ZEMMELINK, G. E] ¢fecto de picar Stylosanthes guyanensis sobre el valor nutritivo medido con ovejos, Cali,
Colombia, CIAT, 1975. (Abstract).

Paper presented at V Reunién Latinoamericana de Produccién Animal, Maracay, Venezuela, 1975,

————————— yTOLKAMP, B. J. Efecto de torta de algoddny urea mis melaza en la utilizacidn de past.
nativo maduro. Cali, Colombia, CIAT, 1975, (Abstract).

Paper presented at V Reunion Latinoamericana de Produccion Animal, Maracay, Venezuela, 1975

—————————— ¥ TOLKAMP, B. J. Suplementacion de ovinos ¢n Ins Llanos Orientales Colombianos,
Cali, Colombia, CIAT, 1975, (Abstract).

Paper presented at V Reunién Latinoamericana de Produccion Animal, Maracay, Venezuela, 1975,

Training

MOORE, C. P. One system for training livestock production specialists in the lowland tropics, Wt Animal
Review 13: 38. 1975,

————————__ Livestock production training. In Strategies for Agricultural Education in Developing

Countrics Conference, 2nd., Bellagio, Italy, 1975. New York,N.Y., The Rockefeller Foundation, 1976,
p. 72,
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Cassava production systems
AIGHLIGHTS IN 1975

The cassava program’s objectiveis to provide the technology tor abtaining high cassava
vields with Jow input levels. It has developed simple cultural and SANILATY practices to by
used with improved germplasm or varieties. which are the mainstay of this technology,
This new germplasm will consist of efficient plants that are naturally resistant to diseases
and pests. as well as to certain soil conditions such as aadity and low fertility,

Anelficient plant is one that has a correct balance between the source of production
the leaves  and the product sought - the roows. It has been found that the correct balance
for an etticient plant is hest achieved by varieties that maintain a leat arcu index (ratio of
leal surface to ground surface area) of 3to 3.5, Model daw suggest that the best varieties
are those with a fong leaf life and with branches that begin to form at four to six months,
In the absence of restrictions (.., discases and pestsyand with a nearly pertect balance,
vields of about 235 tons{ha| vear of dry roots should be casily obtainable under CYAT
conditions,

Although CIAT had previously developed technology tor producing “sced ™ material
free of cassava bacterial blight, there were doubts as to whether farmers wonld alwavs
iccept its therelore, varietal resistance was investigated. A rapid inoculation procedure
was developed for use in sereening, whereby plants are infected by clipping leaves with
mfested scissors. Good resistance was found in a very limited number ol cultivars;
however, it was found to he transmitted to the progeny from resistant Lines crossed with
susceptible lines, thereby making it possible to produce high-vielding lines. Similar results
were obtained with superelongation disease and Phoma leat spot (of loca! importance)
and with the Cercospora leaf spots (of worldwide prevalence). However, a new bacterial
discase, probably spread by insects, was discovered,

Work continued on the evaluation of msect-resistant lines and on control measures,
Substantial losses oceurred in lines susceptible to thrips even under the conditions ofhigh
fertility and fairly uniform rainfall found at CIAT. A large part of the germplasm bank
was found to be thrips resistant. Studies on spider mites. common in drier cassava-
growing areas, suggest that some cassava lines may he resistant, Although the use of
insecticides does not constitute a major part of our technology. low levels of insecticides
placed around the seed material are eftectively used to control pests nonspecific to cassava
that reduce germination and seedling establishment.
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The breeding program is attempting to combine the components of efficient plants and
resistance with other characters such as improved postharvest shelf life and increased
starch content. The disconcerting lack of correlation between single-row yield and
population vield was overcome by using harvest index as a selection criterion. It was also
found that there was a high correlation of yield data between seedling and stake-planted
generations as carly as seven months after transplanting. which is very helptul for more
rapid selection. Yields of 60 tons| ha were obtained at CIAT using varietics selected by
these techniques.

Data collection was completed for the agro-ecconomic survey of cassava production in
Colombia. So far. analyses have been made ftor disecase and insect incidence, soil
characteristics, vield trends and the use of improved technology in five ecological zones.
Average yields were below 8 tons] ha in four of these zones and only 12 tons] ha in the hest
zone.

Regional trials using minimum inputs but good cultural practices (weed control, clean
seed. optimal plant populations) were carried out at mne sites in Colombia, [ ocal
" varieties averagea 18 tons] ha in less thana vear, which is much higher than those obtained
by local farmers (3 to 12 tons] ha). Using selected CT 4 1] 1CA lines, vields were further
increased to an average of 30 tons|ha. Thus laree vield increases can be obtained by
simple improvement in technology and dramatic increases by combining these with
improved varieties. Fhe economic survey shows that the highest vields (up to 43 tons| ha)
were obtained in the Caicedonia region, waoere the Federacion Nacional de Cafeteros
cooperates with CIAT m the introduction of new technology through two extension
officers trained at CIAT. In the acid soils of the Llanos, representative of vast areas of the
tropics that are presently very unproductive. vields of 25 tons| ha were obtained in9 1|2
months by using improved technology and good fertilizer practices.

These techniques are being taught to trainees: during the past year there were students
from Asia. Africa and the Americas. A workshop was also held at CIAT to standardize
research methods for evaluating new material: and as @ result. the basis for regional
testing programs in 16 countries was estabhshed.
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ECONOMICS

Agro-economic analysis

The data collection and certain parts of
the analysis for the agro-cconomic survey
of cassava production in Colombia were
cempleted during 1975, Final results are
presented for disease and insect incidence,
soil characterisiics, yields and use of
modern technology in the production
process, in addition to the principal results
and conclusions from a comparative
economic analysis of selected cassava
cropping systems.

Table I shows the presence of diseases
on sample farms for cassava crops four to
eight months of age. The presence of some
diseases was greatly influenced by crop
age; data for crops of other ages may be
obtained directly from CIAT, While
considerable  differences  were  found
among zones, brown leaf spot (C ercospora
henningsii), white leaf spot (Cercospora
carthaea)and Phoma leaf spot (Phoma sp.)
were present in many of the cassava lots in

all zones. Superelongation (Sphaceloma)
was found on a large number of farms in
Zone 111, while cassava bacterial blight was
important in Zones HI, IV and V. Another
potentially important disease, frog skin
root disease, was identified in Zone 1.
Although this disease was found on a
relatively small number of farms, yields
were severely affected.

Thrips, gall midges (Cecidomyiidae) und
whiteflies (Bemisia sp.) were found on a
large proportion of sample farms in all
zones (Table 2). Other insects of local
importance include mites and fruit flies
(Anastrepha sp.).

Results of soil tests taken on sample
farms are summarized in Table 3.
Considerable - differences were  found
among zones; however, it appears that
cassava is most frequently cultivated on
relatively heavy, inorganic, low-fertility
soils with a low pH. low organic matter
content and low phosphorus  and
potassium contents. Zone ] had the
highest  vields and also the highest
potassium content in the soil, Until further
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Table 1. Disease incidence in cassava onsample farm in five zones* (Percentage of farms and urea affected).

! 1 111 v A%

Farms Area Farms Area Farmy Area Farms Area Farms Area
Brown leaf spot R ol R} 6.5 78 9.9 71 29 4 N0 427
White leaf spot 0 RER Y2 EhR] 24 20 29 7 57 21.7
Cercospora feat blight ST 268 3 7.3 (] 288 49 7.6 55 50
Cassava ash disease 46 174 o M s2 53 49 1.2 Y R¥]
Phoma leat spot 41 130 42 9.3 0 0 0 i} 0 0
Superelongation 2 0.5 0 0 iR} 7.3 24 39 0 0
Cassava bacterial blight 2 0.4 0 () 14 23 25 110 0 5.6
Root rot 2 0.3 3 .6 0 0 0 0 0 0
Powdery miidew 2 0.1 0 ] 24 3 s 0.8 0 0
Frog skin root diseise** 11 0 1) 0 0 0 0 0 0

* L Cauca 01 Valle and Quindio, 11 Tobma, 1V, Meta, A

** Incidence measured al timie of harsest

analysis has been made, however, it would
be premature to conclude that the higher
potassium content is an important reason
for the higher yields in other zones as in
Zone 11.

Altnough the use of modern technology

- differs among zones, regional differences
are less marked for cassava than for certain
other crops such as beans. The most

Mupdatena

advanced cassava production, from a
technological point of view, is found in
Zone II; the most traditional systems are
found in Zones I, 11l and V (Table 4).
Muany cassava producers in all zones use
insecticides, but the use of chemical
fertilizers, fungicides and herbicides is low.
Machinery is used only for land
preparation; its use is determined primarily
by topography and furm size.

Table 2. Insect incidence in cassava on sample farms in five zones (Percentage of farms and area affected).

1 I H] v Y
Farms  Area Farmy Ares Farms Area Farms Area Farms  Area
Thrips 59 14.2 KK 36.6 100 639 95 629 K6 29.2
Gall midges 25 3l a4 8.3 69 8.9 HS .6 L 153
Whiteflies (Bemisia sp.) 0 342 14 1.7 37 16.7 25 132 70 15.5
Whiteflies spp. 48 144 s 03 12 3% 0 0 5 09
Leaf-cutter ants 10 25 S 0.3 o 2.5 0 0 2 2.6
Shoot flies § 1.3 30 5.1 k! 0.7 24 K.6 (} 1]
Fruit flies ‘in stems) 2.0 75 25.6 14 0.3 S 0.6 9 0.2
“Leafhappers 202 2 0.8 0 O 0 0 H 1.6
Hornworms 0 0 2 0.6 (] 0 0 0 H 23
Chrysomelids
{leaf beetles) 5 0.3 6 1.9 () 0 0 1} 5 0.6
Tingids (lace bugs) 15 26 104 705 716 0 0
Mites 7 1.6 8 1.0 4] 1.4 9 2.7 41 343
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Table

3. Selected soil characteristics on sample farms (average by zone) .

I I i1 v Y

—_—— T
Organic matter () 5.22 3.69 5.3 3.53 1.93
Less than 407 » 26.20 75.00 R 60.00 97.70
Phosphorus (ppm) 1.7% K9 2.62 2136 69.66
Less than 1S ppm* 106.60 3590 100.00 7270 3LK0
Potassium (mey) 100 g) 0.21 0.45 0.26 0.12 0.22
Less than 0.30 meqg] 100 g* ¥0.30 37.50 76.30) 94,60 K180
Aluminum (mey] 100g) 4.37 0.06 .54 284 .06
pH 4.69 5.73 5.21 4.73 .59
Less than 5.5¢ 100.00 12.50 K110 §9.10 6,80
Sodium saturation (¢5) 1.46 0.46 018 048 5.16
Caleium| magnesium 1.66 542 2.67 2.68 4.37
Exchange capacity (megj 100 ) 20.33 15.26 2408 1180 9.75

* Percentage ol tarms

Cassava vields were extremely low in
Zones I, Il and V. Quantitative analysis is
presently being carried out to identify the
principal factors determining yields. This
analysis has been completed for an
extended sample of farms in Zone I, where
yields ranged from 0.5 to 43.3 tons| ha,
with an average vield of 12.6 tons| ha.

Table
(average by zone).

Independent of cropping system, rainfall
and soil potassium content were iGentified
as the most important factors affectirg
vield in Zone II. Rainfall pattern and
quantity during the crop cycle were
classified for cach farm as normal,
excessive or aeficient, according to the
farmer's perception. Sixty percent of the

4. Farm size, vields and selected technology characteristics of cassava production on sample farms

l

Average farm size (ha) 7.2
Cassava acreage (ha) 29
Input use (7 of farms)

Fertilizers 18.0

Insecticides 96.7

Fungicides 0

Herbicides 0

Purchased seed 41.0

Credit 29.5

Technical assistance 8.2
Mechanical land preparation

(‘¢ of furms) {]
Monocropping (5 of farms) 77.1
Cassava vields (tons| ha) 4.2

1 i v v
178 16.5 61.3 18.0
6.4 20 9.4 5.3
359 8.3 28 13.5
60.9 79.7 §5.5 36.4
KN 0 L8 0
10.9 0 16 0
234 0 12.7 27.3
12,5 10.2 236 0.5
6.3 My IX 9.1
81.3 14 80.0 523
48.4 71.2 746 30.4
12.6 30 6.2 37

B-5


http:rlt1[.1F

farmers reported excessive rainfall while
the rest said rainfall had been normal. A
simple comparison of vields under these
two different conditions showed a highly
significant difterence of about 12,000
kglha. Average vields on excess rainfall
lots were 8,238 kg!ha, as compared with
20,509 kg| ha on lots with normal rainfall.

On the basis of soil tests made on the
sample farms, lots were cassified into two
groups according to their potassium
content: the level of 30 meq] 100 g was used
as the minimum acceptable level. About 45
percent of the lots contained less than this
level. Average vields on these lots were
estimated at 7,388 kgl ha and 19.812 kgl ha
for excessive and normal rainfall,
respectively.  Yields on lots with 30
meqj 100 g or above .vere 9,259 kg ha and
20.857 kglha for cach of the rainfall
conditions, respectively. Hence a simple
vield comparison indicated that low
potassium content reduced vields by i to 2
tons| ha.

A more complete analysis of the impact
of rainfall and potassium content on vields:
using a production function approach,
showed that the impact of rainfall was
11.800 kg| ha and rhat of potassium, 1,700
kgl ha. supporting the results of the simple
cCOmparisons.

Analyses aimed at identifving the
principal factors causing low yields in the
other zones are vet to be carried out; hut it
appears  that in  addition to the
aforementioned factors, frog skin root
disease in Zone I, superelongation in Zone
H1 and cassava bacterial blight in Zones
HH, IV and V may also be causes of the low
yields.

Economic analysis of selected cropping
systems

In approximately 30 percent of the
area dedicated to cassava in Colombia.
some 40 percent of the growers mix cassava
with other crops (1974 Annual Report,
p.106). Because of the importance of mixed
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cropping in cassava production and
berause of the lack of information on the
relative  economic  behavior of such
systems, an economic analysis of selected
cropping systems was carried out in Zone
H. The objectives were (1) to estimate
relative yields, labor use, costs and net
returns for each of the systems and (2) to
identify factors—other than relitive net
returns —influencing the farmer's choice of
cropping system for cassava in Colombia;
cassava alone, cassava and maize, and
cassava and beans,

Zone I (Valle and Quindio) was chosen
for the analvsis because of its importance
in cassava production and because of the
large number of farmers with each of the
three cropping systems within a small
region. Siightly more than one half of the
cassava producers in the reg.on grew
cassava alone. Cassava mixed with maize
or beans was found on 34 percent (17
percent cach) of the farms while the rest of
the farmers grew cassava mixed with other
crops.

Iarm size, area planted to cassava and
use of modern technology on sample farms
by cropping system are shown in Table 5.
There is a very strong correlation between
the level of technology and cropping
system. The highest level of technology was
found among farme's growing cassava
alone; monocropping was basically found
on the larger, more progressive farms while
the small farmer tended to use mixed
cropping. The larger producer’s preference
for monocropping is based partly on the
expressed belief that net returns per unit of
land are higher. which in turn appears to be
based more on the influence of the
extensic .. agent than actual experience and
partly on the fact that credit is easier to
obtain  for  monocropping.  Henge,
institutions providing credit and technical
assistance seem to play an important part
in promoting monocropping amoag the
more progressive farmers; i.e., those that
nced credit  and  receive  technical
assistance.



Table 5. Farm size and use of modern technology by cropping system in Zone 11.

Cassiva Cassava

Cassavi and and
alone beans maize
Furm size (hay 65.0 49 18.7
Cassava acreige (hi) 133 49 10
Pereentage of tarmers unng
Chemical tertilizers 522 280 lo.7
Insecticides 67.4 381 417
Fungicides 43 0.0 0.4
Herbicwdes 17.4 4.8 0.0
Machinery K6 51.0 SK.3
Credit 457 238 8.3
Technicar assistanee Sn 19.0 0.0

The mairn reasons for maintaining a
mixed cropping system, as expressed by
the producers, were (1) to maintatn a
supply of beans and| or maize, as well as
cassava, for home consumption, (2) to
provide for cash incomes during the
cassava growing cycle, and (3) to obtain a
higher net return per unit of land. Many
farmers felt that cassava vields would not
be greatly affected by the presence of majze
andfor beans, hence the land would be
more elficiently exploited by
intercropping. The present economic
analysis does not disnrove the validity of
this; however, it sheuld be noted that bean
and maize yields are extremely low.
Furthermore, cassava vields are far below
those obtained by the best farmers in the
region,

Survey farmers seemed quite willing to
change from one system to another. From
1972 t5 1974, more than half of them (53.2
percent) ciranged from one system 1o
another. The primary reasons forchanging
from mixed to monocropping were that (1)
the previous crop had failed and the farmer
was experimenting to identify a better
system, (2) the farmer was told that
monocropping was better, and (3) no bean
and| or maize seed—or funds to pay for
it-—were available at planting time. On the

other hand, farmers changing from mono
to mixed cropping did so because they
wanted to grow maize and|or beans for
home consumption.

A slightly tendency toward increased
monocropping was tound among the
survey farmers during this three-vear
neriod. This trend was not represented by
an-increase in the number of farmers using
monocropping exclusively, but rather by
an increase in the number of farmers
having  both cassava alone  and
intereropped simultancously and  the
resulting reduction in the number of
farmers having only a mixed cropping
system. The primary reason for this
tendency seems to be the desize to try
monocropping initially on a limited scale
while maintaining the more traditional
mixed cropping systems.

Estimated labor and production costs by
cropping system are shown in Tables 6 and
7. A considerable difference in labor
requirements was found. The higher total
labor requirements for mixed cropping
systems are a result of higher requirements
for planting, vigilance and hirvesting, The
differences in labor needs for land
preparation and input application can be
attributed to the differences in the level of

B-7



Tuble 6. Labor use by production activity and cropping system (man-days| growing season) in Zone i,

Cassava Cassavi
Cassava and and
alone beans naize
Land preparation 74 8.0 14.7
Planting 9.9 17.3 1.9
Replanting 0.7 0.6 0.5
Input appheation 5.6 KR 1.7
Weed control 02.1 77.3 60.8
Vigilunce 10.4 14.7 26.8
Harvesting 14.3 20.2 RIK:}
Seed collection 27 K 3.2
Other activities 14 1.2 11
Total (IR 147.0 152.1

technology (mechanized land preparation)
mentioned earlier and not to the cropping
system per se.

Although total variable costs differ
among systems, these differences were not
statistically significant, basically because
the variation was great among farms
within each system. Principal cost
differences were found in (1) seed——
because of the high cust of bean seed; (2)

fertilizers, insecticides and fungicides—
because of the difference in use; and (3)
harvesting—because of the higher costs of
harvesting beans and maize.

Cassava yields were equal when cassava
was grown alone or with beans (Table 8).
When grown with maize, vields were lower.
Although the yield difference was about
2,000 kglha, it was not statistically
significant, primarily because of a high

Table 7. Variable costs (US$] ha)* by production activity and cropping system in Zone Il

Cassava Cassava
Cassava and and

alone beans maize

Land preparation 44.60 46.71 41.44

Seed. planting and replanting 24.53 56.97 26.15
Fertilizers, insecticides,

fungicides and application .2 21.29 6.38

Weed control 84.73 103.07 81.07

Harvesting 7.46 10.70 14.48

Other variable costs 8.93 4.51 2.49

Total variable costs 202.53 243.25 172.01

* Pachange rate uned: Col S30 = USS1
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Lable K. Yields, vatue of production und margin for fived costs and net returns by cropping systemin Zone 1.

Cissinva Cassava
Cassanva and and
alone beans nLise
Yields (tonsiha): Caseara 129 13.2 1.0
Buans - 0.16 -
Mase - - .
Value of production (1SS ha)e K6Y YK K1S
Total variable costs (USShay 203 243.25 172
Margin for fixed costs
and net returns 667 742 643
C NSO e tecensad on SEPIE LM Cassava US$0T 0 heans, (88010 7 ton e, LSSIO™ 23 0y

variation in yields within the cropping
system.  Furthermore, g production
function analysis did not reveal any

significant difference among cassava yields
for the different systems. The data provide
strong evidence that the presence of beans
and maize intercropped with cassava did
not reduce cassava yields on the sample
farms. Since no significant difference was
found among total variable costs, it may be
concluded that net returns per unit of land
from cassava alone are below  those
obtained from cassava mixed with maize
or beans unless yields or prices of the latter
crops are zero. Relative net returns from
the mixed cropping systems depend on the
relative prices of maize and beans. At the
current price ratio of P (Maize) N

P (Beans) 0.18,
cassava und beans provide the highest net
returns. Net returns from the two systems
would be equal at a price ratio of 0.22,

On the basis of the findings from this
study, it appears that net returns from the
cropping systems are slightly above those
from cassava monocropping among the
sample farms. In addition to relative net
returns, it appears that farmers favor
mixed cropping because they want to
produce maize and beans for home
consumption and they need cash income
during the cassava crop cycle. Onthe other

hand, certain institutional pressuies favor
monocropping. The survey  farmers
seemed quite willing to experiment with
cropping systems other than the one they
were currently using so they would
probably shift ripidly toward whichever
system offered relatively higher vield
potentials, .

PHYSIOLOGY

Efforts to define a plant ideotype for
cassava have continued. Last year the
importance of having a leaf area index
(LAI) of about 3 during the root bulking
period, coupled with a long leaf life, was
stressed mainly through a study based ona
hypothetical model. This vear the
experimental data- confirmed thijs
hypothesis more directly.

M Colombia 113 was planted in a
systematic density design to give different
leal area indices. Two harvests were taken
at a six-week interval, during which time
all fallen leaves were collected. Leaf life
was quite short at about seven weeks (Fig.
1). Crop growth rate increased with LAl to
about 110 g m=2wk-' at LAl 4: above this
level it declined rapidly (Fig. 2). The reason
for this decline is not apparent but may be
due to high respiration rates at higher plant
populations or the large proportion of very
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Figure 1. Leaf life as a function of mean 1Al

during the siv weeks after leal formation in M
Colombia 113,

voung leaves at high populations. fn many
crops photosynthests inereases with leal
age and then declines slowly: at high
populations with a leat hte of only 42 days,
it is probable that average photosynthesis
is quite fow. Root growth rate showed a
marked decline trom 45 ¢ m--wk-! ata
LAtol 31035 o less than 20 gm--wk-at
a LAL of .2 (Fie. 3). These daty contirm
the hypothesis that the optimum LAT tor
root growth incassavais 3to 2.5 during the
bulking period.
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Figure 2. Crop growthrate of M Colombia 113asa
function of LAL
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M Colombia 113 and M Colombia 22
were grown at Tox 1 omospacing. In the
treated plots, half the voung leaves were
removed  as they formed at different
growth stages. In M Tolombia 22 vields
decreased  markedly  when  LAL was
reduced at alb stages (Fig. 4). Ay maximum
1AL was always less than 2, thas resuft was
consistent with the adeir of an optimum
LALof 3o 35 In M Colombia 113 the
control  plots had  LAls  below  the
optimum at 100and 300 days but above the
optimum at 200 davs; plots with leaves
removed at 100 to 200 davs had LALS
similar to the control at 106 and 300 days
but below the optimum at 2. at 200 days.
The treated plants vielded 97 percent as
much as the controls; thus it appears that
the control plots exceeded the optimum
whereas treated plots were below, once
again placing the opimum between 3 to 4
(Fig, 4). In plots clipped at 0 to 100 days
and at 200 to 300 days. LAD's were
considerably lower for long periods and
vields were substantially reduced (Fig. 4).

Leal area index is a function of
individual leaf size, rate of leaf formation
per apex, branching habit and leaf life. In
CMC-84 plots planted and harvested at
different times, there was an increase in leaf
size up to three to four months afier
planting, after which time, it decreased
(Fig. 5). Similar data were found for CMC-
9 grown in entomology plots (Fig. 6). Both
varietics branch (£"MC-9 profusely and
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CMC-84  esy profusely), and it was
thought that this decrease in leaf'size might
be related to changes in branch number,
However, the same trend was noted in M
Colombia 1120, a nonbranching variety
(Fig. 6); thus leat size tends to decline with
time after about four months although
great variability exists among varieties.

The number of leaves formed per
continuous  branch  was measured  ¢n
spaced plants. The cumulative numkber
formed per apex increased with time frem
1010 40 weeks after planting: however, the
rate ol increase declined (Fig. 7). There was
ittle difference among varicties: i.c..about
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10 peicent. M Colombin 22 and M
Colombia 113 were grown at I x 1 m
spacing.  Once  again hitle difference
between the two varietios wis toundg:
turthermore the increase from 10 10 30
weeks wassimilarto that found in the other
trial. The number of leaves formed per

hranch could he very precisely described by

the equation Y = 285 yyn-i (0.02961) in
the case of M Colombia 113 (Fig. %), From
these data it is concluded that litde varictal
ditference exists in the nuinber of leaves
formed per-apex :

Shading was found previonsly to reduce
leaf dite. M Colombia 113 was planted in a
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systematic density trial and leaf life was
measured. Leaf life decreased in
proportion to the LA] at the time the leaves
formed (Fig. 1). These data suggest that jt
will be difficult to obtain LAI's above 4 as
leaf life drops very rapidly above this level.
The low efficiency of maintaining high
LAFs for root growth (Fig. 3) is not only
explained by mutual shading and reduced
crop growth rate but aiso by the extra
energy used for producing a large number
of short-lived leaves whose efficiency is low
in terms of energy produced per unit of
energy expended in formation,

Leaf life of spaced plants was measured
for leaves formed 10 to 23 weeks after
planting. Leafl life did not apparently
change with plant age (Fig. 9). Consistent
varietal differences were found: The
variety CMC-9 (Llanera) had a
consistently long leaf life (94-114 days) in
comparison to the other four varieties (66-
98 days). This difference is not likely due to
shading because the plants were widely
spaced (2,500 plants|ha) and CMC-84
(with a short leaf life) is of about the same
vigor as CMC-9. It is therefore concluded
that large and useful differences in leaf life
exist among varieties.

These data suggest that the key to high
root yields in cassava is to maintain LAl at
the optimum level for as long as possible
during the root bulking phase. There
appears to be little genetic variation in rate
of leal formation per apex and the
tendency for leaf size to decrease after four
months; hence manipulation of these
characters to maintain optimum LAI does
not appear possible. On the other hand,
variation does exist for leaf life and
branching habit so these can be
manipulated to maintain the opiimum
" LAL At present the interaction between
these characters and the environment is not
known.

The model to describe the existence ofan
optimum LAI and the overall growth of

'f 40 !‘ ® CM(-%4 l‘” N “' “j‘"‘
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Figure 9. Leaf life of five + wrieties as a function of
time after planting (spaced plints).

cassava was based on the fact that top
growth takes precedence over root growth
and that roots accept the excess
carbohydrate produced by the tops.
Shading five-month-old plants of M
Colombia 22 reduced the number of new
leaves formed per apex by IS percent,
increased leaf size by 6 percent and reduced
stem  weight changes by 8 percent.
Therefore, the effects of reduced
carbohydrate supply on top growth are
minimal at a level of $0 percent shading.
On the other hand, shading reduced root
dry weight increase by 35 percent,
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confirming that top growth has preference
(not complete) over root growth.

Many varicties of cassava tlower and
fruit readily; however, hittle is known of the
effects of flowers and fruit production on
root vield. Five varieties were grown as
spaced plants and flowers were removed as
thev formed. This was quite casy to do up
to about seven months after planting, when
it became difficult without damaging
plants and several tlowers could not be
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Figiare 10. Yield of two cassava varieties at

different plant densities with removal of suckers.
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removed. Ten months after planting, the
roots and tops were larvested. There was
no relationshin between vield and number
ol fruits per plant; theretore, it was
concluded that tlowening, at least at
moderate levels, had no adverse etfect on
root }'iL‘ld.

Many farmers in Colombia remove side
o1 sucker branches, At CIA T it was tound
that these suckers generally have long
internodes and very small leaves. This
sugpests that leat production per unit of
stem weight s smalb and that these suckers
would be rather inefficient in producing
eacess” carbohvdrate to meet their own
needs. M Colombin 22 and CMC-84, a
fow- and a medium-vigor viariety, were
planted 10 & systematic density design. On
treated plants the suckers were removed
every month. In CMC-84, treated plants
vielded slightly  more at all  plant
populations: the  mean  increase  was
approximately 1.5 tons|ha of dry roots
(Fig. 10). The less vigorous M Colombia 22
vielded abour 2 tons] ha less when suckers
were removed at low plant popalations but
about 3 tons/ha more at high plant
populations. Maximum vields were about
16,5 tons] ha with suckers and aboat 18
tons{ ha without suckers. It appears that
suckers are useful only at low populatons
with low vigor tvpes. otherwise they are
inefficient and reduee vields.

PROPAGATION

In the 1973 Annual  Report a
propagation method was described. Small
green shoots were rooted in peat pots filled
with sterilized soil and placed in a
propagation frame: after rooting they were
transplanted in the field. This system was
costly because of the need to sterilize soil
and purchase peat pots.

Recently it was found that voung green
shoots rooted insterile water satisfactorily.
Grezn shoots (8 e tall) are placed in small
flasks containing boiled water (Fig, 11).



Ferwre TT Shoots rooted in water, These plants have passed the stage when thes should be planted.

Atteraboutone week.a callus forms on the
base ol the shoots and very shortly
afterwards small roots appear. When these
appear, the  plantlets  can be
transplanted direetly to the tield it it is well
prepated. The plantlets must be planted
deep enough tup ro the lowest leat) so they
do not dry our,

roots

PATHOLOGY

During 1975 emphasis was placed onthe
identification ot cultivars and the testing of
Frlines For resistiances 1o the majordiseases
ol cassuva i America: cassavi hacierial
hlight (CBB). Cercospora leaf spots
LCercospora hemnsesii and ¢ Vicosae),
Phoma leat <pot and 1he superclongation
disease. Several ctiofogical aspects of the
causil agent of the superclongation diseise
amd ot an unknown bacteral disease of
cissavae hacteral  ostem rot) were
nvestimiied, as well as methods for
saeenng for resistanee 1o the major

ciassava diseases, The survival of CBB in

plant  tissues  und  exudates s being
investigated under ~ontrolled
environmental  conditions. ssments

tor disease losses (some of » . are st
under wav) were established by planting in
localitics  where  the severity of  each
particular disease was great,

Cassava bacterial blight
Sereening for resistance

Although sereening for resistance under
tield  conditions has piven consistent
results, final eviluations are possible anly
after o rainy season,  thus requiring
extensive e atter inoculition to obtain
resuits. A simple method  for rapid
sereening under greenhouse conditions
wis developed. Six to twen cuttings per
hybrid or cultivar are grown in pots inside
agreenhouse with about 83 pereent relative
humidity  (maximum, <9 percent;
minimum, 63 percent) and a temperature
of M°C (maximum, 34°C: minimum,
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(Only inoculated
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an stem)

1 Dip the sterilized scissors
into the bacterial
suspension,

4. Clip cach leat lobe in half,
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5. Inoculate §-6 leaves| plant,
Keep the inoculated plants in
greenhouse (249C and K507
RH, aprroximately).

SUSCEPTIBLE

{(Death or
diehiack)

Figure 12, Clipping method for screening for resistance to CBB.

19¢C). When plants are 30 to 35 days old,
five to seven leaves are clipped with scissors
infested by dipping into a bacterial
suspension of 1.5to 3.0 x 107 cells| mb. The
first leaf symptoms occur seven days after
inoculation; 19 to 24 days later, gum
exudation is observed along the stem on
the susceptible genotypes. Resistance is
evaluated 40 to 45 days after inoculation.
(Fig. 12).
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Interactions  between  bacterial
concentrations, serial inoculations, plant
and inocuium ages were also investigated.
Best results were obtained when one-
month-old plants were ¢lip inoculated with
36-hour-old cultures at a concentration of
I to 3 x 10V cells|ml. A high relative
humidity (more than 80 percent and a
moderate temperature (around 24%C) gave
best results,



Disease evaluation for resistance

An evaluation of 870 F| lines obtained
from different crosses was made for
resistance to CBB  under greenhouse
conditions by inoculating six to ten
plants]line (Table 9). A higher percentage
of resistant lines appeared when CBB-

resistant  cultivars, which had been
identified after screening  the entire
germplasm  collection, were used for

controlled hybridizations. This stresses the
importance of using CBB-resistant sources
and controlled pollinations for a high
breeding efficiency for resistance to CBB,

Simultaneous to the screening  of
hybrids, several well-known cultivars such
as Llanera, M Colombia 22, M Colombia
113 and M Colombia 647, were also tested
by using the clip inoculation method for
CBB reaction. Results were in complete
accordance  with those obtained in
repeated field trials. Cultivars like M
Colombia 22 and M Colombia 113 were
very susceptible. both in the field and by
using the new inoculation method under
greenhouse conditions, M Colombia 647,
which had always shown resistance to CBB
under field conditions, showed high
resistance with clip inoculation. These
results confirm the efficiency of the clip
inoculation  technique; moreover, a
considerably larger amount of material can
be tested in a short time with this method.

Fable 9. Evatuation of resistunce to CBB of Fy crosse

Disease losses

Data taken by the cassava soil group at
Carimagua show that CBB could reduce
yields of the tolerant cultivar Llanerafrom
5010 90 percent when the disease appeared
during the first four months of growth,
This obviously suggests that CBB seriously
affects yield in cassava plantations in areas
whers there are prolonged periods of
rainfall, such as in the Llanos Orientales of
Colombia. When infection occurred
immediately after germination, vield was
more severely reduced than when it
appeared four months after planting. N (as
urea) or K (as KCl) applications did not
correlate with CBB severity, but Mg
applications (as MgO) increase its severity
and reduced yield.

CBB survival

The survival of CBB in soil was studied
during 1974, During 1975, CBB survival in
exudates and plant tissues was
investigated. Results up to October. 1975
showed that CBB may survive for more
than four months and at high
concentrations (1 x 107 cells| ml) in plant
exudates stored at room temperature
(around 249C and 70%¢ RH) or in a
controlled dry environment by using CaClz
(24°C and 20¢¢ RH). CBB also appears to
survive for the same period in plant tissues
but at lower concentrations than in

s among cultivars with different degrees of resistance,

Total no.

Disease rating *

of FA
Cross type Crusses 1 2 3
Open pollinated lines 59 I (1.6Cr)s= 9 (15.3¢9) 49 (R0
Control polinated lines 267 311 64 (23907 200 (75.000)
{Susceptible x Susceptible)
Control pollinated tines 544 30 (5.5¢)) 178 (32.7¢%) 336 (61.87%)

(Susceptible x Resistant)

* Dasease aung |2 peastant, 2= tolerant, V= suseeptible

* Percentag: selated to the totad number of bnes tested pet crass pe
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exudates. CBB survival in necrosed stem
tissue is longer than in neciosed petiole and
~leaf tissues. These resclts stress the
. importance of our previous suggestions for
a careful elimination cf all cassava acbris
and volunteer plants by burningin order to
eradicate CBB from infected plantations.

Cercospora leaf spots

Work on Cercospora leaf spots was
concentrated on C. henningsit (brown leaf
spot) and C. vicosae (blight leaf spot), the
most serious and widespread pathogens in
cassava plantations located below 1200 m.

Screening methods

Cercospora henningsii and C. vicosae
are prevalent and endemic at CIAT,
possibly  because of the coutinuous
planting of cassava and the vavorable

environmenta! conditions  for disease
development. Field evaluation  was
possible throughout the vear, gwing

consistent results when readings were
taken on seven- to eight-month-old plants
spaced | x 1 m apart. Disease rating was
evaluated on hybrids and cultivars by
calculating the percentage of infection of
the leaves for each pathogen. Resistant
hybrids or cultivars were those which
showed narrower leaf lesions and less than
10 percent of the total leaves infected.

Checking 434 and 449 leaves of two
susceptible cultivars (M Ecuador 150 and

M Panama 64) from their emergence to
leaf drop, it was found that only 13 and 11
percent, respectively, of their leaves
remained healthy. Of 325 leaves of CMC-
84, a cultivar resistant to C. henningsii but
susceptible to C. vicosae, 27 percent were
healthy. In contrast, 90 percent of the
leaves of M Mexico 59, a cultivar resistant
to both Cercospora spp., remained
healthy. It was also found that healthy
leaves of the susceptible cultivars (M
Ecuador 150 and M Panama 64) fell about
17 percert later than the diseased ones.

It appears that the environmental
conditions at CIAT are good for the
occurrence of these two diseases; therefere,
field evaluation for C. henningsii and C.
vicosae resistance could be successfully
done in areas located at around 1000 m
altitude with steady rainfall distribution
throughout the year. Evaluation must be
taken seven months after planting. It
appears that high plant density per area
increases disease severity and therefore the
efficiency of screening,

Evaluation for resistance

The evaluation of resistance to C.
henningsii and  C. vicosue in CIAT's
cassavi germplasm is presented in Table
10. Resistance to C. henningsii (58 percent)
was higher than to C. vicosae (11 percent).
This  suggests that resistance to C.
henningsii is more commonly found and
easier Lo incorporate.

Table 10. Field evaluation of resistance to Cerconpora henninzgsii and C. vicosae in CIAT s cassava germplasm

collection (2,061 cultivars).

Disease rating *

! 2 3

C. henningsii
C. vicosae

Evaluation for both pathogens

1,192 (58C¢)** 555 (27%) M4 (1577)

220 (117 1.134 (55¢) 706 (3407)

175 (¢ §7%¢) 1157 (56%%) 729 (3617)

Diseane tating 1= sesistant, 2 == tolerant, 3 = susceptible

** Pereentage related (o the total number of evaluated cultivars
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Many of the cultivars resistant to €.
vicosae were also resistant to ¢, henningsii,
but the resistance to these two pathogens
does not appear to be linked in any way
because there were cultivars with resistance
to either one. A relatively satisfactory
percentage (8 percent) of resistance to both
pathogens exists in CIAT cassava
germplasm.

The evalvation of resiscance to (.
henningsii and C. vicosae of Fy hybrids
ameng cultivars with different degrees of
resistance is presented in Tables | I, 12 and
13. As was found in the evaluation of the
germplasm (Table 10), resistance to C.
henningsii among Fy hybrids was much
more frequent than resistance to C. vicosge
{Table< 11 and 12).

For both C. henningsii and ¢, vicosge,
fugher percentages of resistant lines were
obtained when resistant cultivars were
usad as the cross parents (Table 13). There

seems to be no apparent barrier to
incorporating resistance to the two
Table 1.

Cercospora spp. into one genotype; hence
the resistance to Cercospora can b
incorporated into any favorable genotype
by using resistant parents in hybridization
programs.

The superslongation discase
Etiological studies

The identification of the causal agent o,
the superelongation disease of cassava wis
confirmed as a species of the fungal genus
Sphaceloma; the pathogen may well be
Sphaceloma  manihoticola, which way
previously reported causing « somewhat
similar disease on Manihor esculenta and
M. glaziovii in Brazilin 1950, A host range
study of the superelongation pathogen was
made, using a number of available
Manihot and related species including M.
esculenta, M. glaziovii, M. carthagenensis,
M. jaetida, M. sitvestre,  Ricinus
communis,  Jatropha gossypifolia and
Euphorbia pulcherrima (poinsettia). Only
M. esculenta and M. glaziovii were

Field evaluation of resistance to Cercospora i nngsit (brown leaf spot) of Fq crosses among

cultivars with different degrees of esistance,

o Total pa. of
Pollination system

Discase rating *

1 crosses ] 2 3
Selt-pollinated
Resistant n 12 {400 )= 8 (270 10 (3367)
Toleram 52 IS (297 BRI ERIS 14 (2700
Suseeptible 7 2 (29) 5 (7 0 (0ry)
Controlled pollination
Resistant & Resistunt 2589 Lot (62 S (270 KUY N S
Resistant x Tolerant I 27 (38 42 (530 9 ey
Resistant v Susceptible 235 00 (17 EMEN R [IIXER R LA
Polerant x Tolerant 1.240 I59 (13 37 Q27 T4 (60
Polerant y Susceptible 1.33] 209 () 268 (20 S 60
Folerant x Resistant 3967 2192 (35 6ed (170 LAUTE (28
Suseeptible v doleram 46 9 21 le (377 IN - (4207)
Suseeptible v Resistam "6 RIEERINN AR RR ) 28
Lotal BN
PoDnease tating 1w reastant, 2 s tolerant, = suseeptible

" Percentape wwatwd ta the total tumber ol g lines evaiar

Jodross pe
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Table 12.  Field evaluation of resistance to Cercospora vi;osae

with different degrees of resistance.

(blight leaf spot) of F¢ crosses among cultivars

P Total no. of
Pollination svstem

Discase rating *

Fq crosses | 2 3
Sclt-pollinated 89 15 (17c8) 25 (2860) 49 (55C¢)
Solerant
Coutrolled pollination
Resistant X Tolerant 44 23 (52¢%) 14 (32 7 (lete)
Tolerant x Tolerant 2,20 275 (12¢9) §55  (24¢7) 1403 (64€0)
Tolerant X Susceptible 3.797 212 (6%) 836 (2200 2,749 (727)
Tolerant x Resistar’ 91 359 (397%) 253 (28¢¢) 299 (3317}
Susceptible X Susceptible 178 5 70 (394%) 10 (5809)
Sur eptible x Tolerant 60 S (8%) 25 (4200 30 (50¢7)
Susceptible x Resistant 6 0 (oY 0 (o) 6 (100°)
Total 7.318

o Disease rating | = resistant. 2 = tolerant, 3= susceptible

*s  Percentage related to the total number vf Fglines ev aluated cross 1ype

infected by the pathogen, and the pathogen
was isolated from naturally infected plants
belonging to these two species. However, a
Sphaceloma sp. previously reported as S.
pomsettiae, isolated  from infected
poinsettia plants, induced symptoms on
cassava sirailar to those induced by
Sphaceloma sp. on cassava. Until further
evidence can prove otherwise, it is
suggested that the superelongation
pathogen may be the same fungus as
reported “y Bitancourt and Jenkins as
Sphaceloma manihot.cola.

The conidia of the superelongation
causal agent are produced on phialides and

are small (averaging 5.3 x 2.7 u), oblong to
oblong-ellipticai. The comdia swell greatly
prior to germination. The effects of
temperature, moisture, light, spore
concentration #~nd age of coleny upon
conidial germination were tested. Free
moisture was shown to be essential for
germination, and optimum germination
occurred at approximately 28.5°C. Light
and spore concentration had little or no
effect upon germination, but the
percentage of germination decreased with
increased colony age.

The aforementioned data were necessary
o establish a successfui system for

Table 13, Field evaluation of resistance to both Coreovpora henningsii and C.vicosae of By erosses among

cultivars with different degrees of resistance.

Resistant linest No, Cr of

Pollination system Parental reaction of lines evaluated resistane::
Ssif-poilinated Tolerant 11]82 13.4
Self-pollinited Susceptible 0!8 0.0
Control pollinated Kesistant x Susceptible* 2251976 236
Control pollinated Tolerant x Susceptible® 23816075 9
Control pollinated Susceptible i Susceptible® 21198 1.0
Total 47617318 6.5

* Includieg some tecprocal combimations
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Table 14, Yields of two resistant (R) and one susceptible (S) cassava clone when the superelongation disease

occurred five months after planting,

Yield (tons] ha)

Replicate Llancra (R) M Col 22 (R) M Col 113 (S)
! 29.13 25.57 N7
2 RR K] 306 27.87
! 3290 37.67 1553
Average* 28.42 43 .
¢ Ihe ditterence between means of the above three yields was not sigmaficant ot the 19 level (F 1esn
artificially inoculating young cassava inoculated one month after planting; in a

plants. A minimum of approximately eight
hours of free moisture was necessary for
infection to occur. Increased discase
incidence and severity occurred as the
number of hours under free moisture
increased. No conclusive evidence of
pathogenic races of the fungus has been
observed yet. Histological studies of
inoculated leaves showed that the fungus
directly penetrates the host.

Disease losses

Yields can be greatly reduced in heavily
infected fields. Two resistant cultivars,
Llanera and M Colombia 22, and the
susceptible cultivar M Colombia 113 were

second trial, inoculation was made five
months after planting. Where infection
occurred early, yield losses were
approximately 80 percent. After the fifth
month after planting, no significant loss
was recorded (Tables 14 and !5 and Fig.
13).

Dissemination

Disease dissemination and reduction in
plant establishment by the use of infected
planting material was studied with the
susceptible cultivar M Colombia 113.
Cuttings (144) taken from healthy and
diseased plantations were planted in an
isolated locality. After 25 days germination

Table 15, Yields of two resistant (R)and one susceptible (S) cassava clone when the superelongation discase

occurred one month after planting.

Yield (tons] ha)

Replicate Llanera (R) M Col 22 (R) M Col 113(S)
1 19.08 18.05 375
2 17.32 15.45 3.75
3 19.17 1743 323
Average 18.52+ 16.98 358

* LSD between mean vasld. at the 145 fevel is 3.04,



[[Hm No superelongation discase
i (1973 planung)
Superelongation disease ostablished
S mo alter planting
(Mar. 1974-Jan. 1975)
@ Superclongation discase established
I mo atter planting
(Aug. 1974-June 1975)

3O e e e e e ey

Yield (tons] ha)

N Col 22
(R}

M Col 113
{S)

Liancra
(R)

Figure 13. Mean vield of two resistant (R) and one
susceptible (S) cassava clone under three different
superelongation disease situations.

was reduced about 3 percent; 26 percent of
the plants obtained from diseased cuttings
were infected and the weight of leaves and
stems was reduced vy about 41 percent.

Phoma leaf spot

The correlation between disease reaction
and yicld of more than 348 cultivars was
determined 15 months after planting. A
group of 113 cultivars was harvested at the
end of the rainy season, and another group
of 235 cultivars was harvested immediately
after the dry season. The cultivars were
planted in rows (I m apart) of 11
plants| cultivar (0.50 m apart) with two
replications.

Fresh root vields in the area (Popayan)
average 6 tons|ha. When cultivars were
harvested at the end of the rainy season,
100 percent of the very susceptible and 84
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percent of the susceptible cultivars yielded
less than the regional average. In contrast,
70 and 100 percent of the tolerant and
resistant cultivars, respectively, produced
more than the regional average. When
harvested at the end of the dry season, 93
and 68 percent of the very susceptible and
susceptible cultivars, respectively, vielded
less than 6 tons| ha; but 92 and 100 percent
of the tolerant and resistant cultivars
vielded more. To increase yields in areas
above 1300 m, where Phoma leaf spot
disease is more severe and erdemic, it is
necessary to incorpcrate resistance to this
disecase into high-yielding cultivars.

By grouping cultivars in accordance
with their disease rating (Figs. 14 and 15), it
can be scen that yields increase when
resistance to Phoma leaf spot increases.
Some of the resistant cuitivars vielded only
as much as the tolerant ones (Fig. 15),
which could be related to genetic yield
ability per se

To verify the resistance shown by
cultivars  previously cvaluated in  the

U Very susceptible cultivars
30 ()

Susceptible cultivars
(22)

Frequencey (Y¢)
—
=

Tolerant cultivars
(10

4")’ Resistant cultivirs

20} 2
10}

J U S | i 1 1 l 1 L1
0,204 0608 1.01.2:41.061.8 2.0
Yield (kgfm?)

Frgure 14, Yield of 235 cultivars  grouped
according to their reaction to Phoma leaf spot,
Cultivars were harvested IS months after planting and
at the end of the rainy season,
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S0 Very suseeptible cultivars
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3

Suseeptible cultivars

Frequencey ¢¢7)
0 s Gt
BRI

(61) ’
40+ ’
30| Folerant cultivars ’
20 {15 [
10 I‘

0 S N J»Im_l—m_l
40

Resistant cultivars
30 5

20
10 ‘ l '
0 1 wd e 1y ) 1

03 09 1.5 g 027 33

Yield (kg| m?)

Figure 15. Yield of 313 cultivars  grouped
&ecording to their reaction to Phoma leaf spot.
Cultivars were harvested 15 months after planting an §
2t the end of the dry season.

Popayan area, nine highly resistant
cultivars were planted in £l Darién (1430
m), where the disease occurs with greater
severity. In both localities, the susceptible
cultivars showed complete defoliation,
dieback and, in many cases, death:
consequently, total plant weight  was
considerably reduced, The resistant
cultivars grew normally, producing a high
total weight of fresh matter accoraing to
the intriusic vigor of each cultivar (Table
16). It was concluded that these highly
resistant  cultivars  could be used
successfully in any breeding program for
resistance to this disease.

Bacterial stem rot

A bacterial  species pathogenic to
cassava was isolated from rotted stem
samples taken from three different
cassava-growing  areas. Preiiminary

cultural, morphological. physiological and
biochemical tests, as weil as  dissase
Svmptomatology,  showed  that  this
bacterial species and the discase it induces
are far diffcrent fiom the cassava blight
hacterium.

Tests suggest that the species belongs to
the genus Erwinia. It is o Grani-negative,
rod-shaped peritrichous organism that
grows well on  several sugar media,
producing round. white and entire
colonies. It produces gelatinase; causes soft
rot in potatoes, carrots and cassava slides;
liquefies pectate gel and does pot use
sorbitol.

Bacterial penetration and establishment
oceur through wounds, which in nature
may be caused by insects. Infected plants
were always damaged by Anastrepha sp.
(fruit flies), but not all Anastrepha-infecteq
plants showed bacterial infection. The
relationship between insects and this
bacterium o pathogenesis is sl

Fable 6, Total piant weight of cultivars resistant

(R}, tolerant (T) and susceptible (S) to
Phoma leafl spot, 12 months after planting
in EI Darién.

Cultivar

collection  Disease Yool Tt weigh*

no. reaction  detoliation (tens | hay

CM.92 R 20 544
M Col 340 R 25 4.3
MCon23 R 22 19.1
M Col276 R 18 9.4
M Col &0 R 24 257
M Col 235 R 22 233
M Col29] R 21 159
M Col 2 R 17 151
M Colin? I hR] 13.0
CMC-39 ! RN 124
Valuna S 98 RE))
M Cob 22 S 100 0.17

Lotar phant weight was Caleulate E S thiee randunugzed ploteory

plants plate honders were ehnmngred
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unknown; the insect damage is further
discussed in the entomology section.

Pathogenic tests showed that the
organism is restricted to stem tissues.
Infected plants show blackish necrosis,
then wilting and finally dicback. Buds
located along infected stem portions are
first invaded and necrosed: thus the
infected stem parts may be lost for planting
purposes. Everithough its effect on cassava
production is unknown, it appears that the
most important factor is rclated to the
damage to buds, which could be reflected
in germination and crop establishment
when planting material is taken from
infected plants,

Cassava rust

Cassava rust was first reported in 1887,
Six different species belonging to the
Uredinal order are reported, but neither
their taxonomic status nor their
geographic distribution had been defined.
A cooperative study between the Instituto
Colombiano Agropecuario| Universidad
Nacionaland CIAT wasinitiated this year.

The characteristic taxonomic features
for each pathogenic species were
determined. Keys for their taxonomic
identification are being produced with
descriptions and illustrative diagrams
based on samples obtained from different
herbarnia.

ENTOMOLOGY

An extensive program to evaiuate the
cassava germplasm bank for resistance to
several mite species was initiated this year.
A procedure was developed to cvaluate
resistance to mites. Continued emphasis
was placed on determining yield losses
associated with thrips, mites, fruit flies and
shoot flics. Studies were undertaken on the
bioiogy. ecology and importance of
whiteflies and fruit flies. Control practices
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were investigated for insects attacking
planting material and germinating plants.

Insect and mite population fluctuations

A two-year study of the factors
influencing insect populations in cassava
was completed at CIAT during 1975. This
insect complex includes mites, thrips, the
cassava hornworm, the shoot fly (Silba
pendula) and the cassava lace bug (Vatiga
manihoti). Three cuttings in two
replications of 90 cassava varieties were
planted on May I, August ! and November
1. 1973, Fifty varicties were planted on
February 1 and May 1, 1974, Monthly
evaluations were made of the
aforementioned insects.

Mite populations were measured by
sampling the central part of the plant and
counting the number of mites found in a
20-cm? leaf area. Thrips populations were
dctermined by evaluating the damage
using a visual scale of 0 to 5 (0 = no
damage, 5 = apical and lateral buds
dead). The number of parasitized and
nonparasitized cassava hornworm eggs
were sampled weekly and larvae were
counted on 75 randomly chosen plants. In
addition a monthly evaluation by varicty
was made. Shoot fly populations were
measured by moithly counts of the total
number of growing tips per plant and the
number of attacked tips. The percentage of
infestatinn per variety and per planting was
thereby determined. Populations of the
cassava lace bug (nymphs and adults) were
sampled by inspecting three leaves from
each of the upper, central and lower parts
of the plant.

During the first three months aher
planting, attack by thrips, shoot flies,
hernworms and the cassava lace bug were
the most severe. The mite populations,
however, increased with the age of the
plant (Fig. 16). The dry period was
especially favorable for higher populations
of thrips (Fig. 17), mites, lace bugs, shoot
flies and oviposition by the hornworm,



0.6

0.5

0.4

0.3

0.2

Number of mites] 20 cm? leaf area

1 2 R | s 6 7 8

Age of crop (months)

Figure 16. Monthly evaluations of Mononychellus
megregori,  Tetrenychus urticae and  Oligony chus
peruvianus mite populations measured on several
cP3sava varieties.

Mites
Four species of mites have been
identified as attacking cassava in

Colombia. All belong to the family

Tetranychidae and include Mononychellus
tanajoa, M. mcgregori, Tetranychus
urticae and Oligonychus peruvianus, M.
tanajoa and T. urticae appear to be the
most important species on a global basis.
O. peruvianus is of limited importance
while M. mcgregori has been reported in
limited regions of Cnlombia and
Venezuela.

The Mononychellus mite is usually
found around the growing points of the
plant on buds, young leaves and stems;
lower leaves are less affected. The leaves
emerge from the bud marked with yeilow
spots, lose their normal green color and
become deformed. The attacked shoots
lose their green color, turning rough and
brown. The stems and leaves die
progressively from top to bottom (Fig. 18).

Damage from the Tetranychus mite first
appears on the lower leaves of the plant.
Damage first shows as yellow dots along

o] 1 Planting
o li /\)//R
1.40 +
al 1l
aj 1V i
LRI /‘ \
o 1.20 -
3 / ‘
@ 3
o f
£ i
g 1.00 +
B ! ]\
= i
£
= 080 Ve
0.60 1 ‘\ /
0.40
VI VIEVIII IX X XIXIE I I W0 IV V VI VIIVHI IX X XI XN
< 1973 > « 1974 >
Rainfall
(mm) 28 63 B2 189 103 167 85 24 49 71 15 78 72 16 2 72 112 62 16
Figure 17, Monthly evatuation of thrips damage for five plantings on several cassuva varieties.
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the main leaf vein and cventually spreads
over the whole leaf, which turns reddish
brown or rustyin color. Beginning with the
basal leaves, severely infested lcaves dry
ana drop: under severe attack plants may
die (Fig 19).

Presence of the Oligonychus mute js
characterized by a small whitish web that
the female spreads on the undersides of the
leaves, commonly along the center and
lateral leaf veins. Yellow to brown dots
form on the ieaf’s upper surface. Damage is
more pronounced on the lower leaves,

A procedure was developed to evaluate
the cassava germplasm bank for resistance
to the Tetranychus and Mononycheilus
mites under screenhouse conditions since
natural infestations in  Colombia are
neither high enough nor sufficiently
uniform for field scceening,  Cassava
varieties are planted in floor beds or potsin

Fable 17,

a screenhouse and are surrounded with
piastic to raise the temperature to 34¢C,
Leaves infested with mites are placed on
one-month-old plants to inoculate them,
Resistance is evaluated at weekly intervals
from two to six weeks aties inoculation;
secund and third inoculations are made if
the initiai one was not successful.

Screening for Oligonychus resistance
was done on 1884 varicties in the
germplasm bank during a natural outhreak
on the CIAT farm.

Preliminary results indicate that there
are only low levels of resistance to the
Tetranychus  mite  but  intermediate
resistance to both tha Mononychellus and
Oligonychus mites. Of the 427 varieties
screened fer resistance to the Tetranychus
mite. only one variety (M Colombia 114)
was selected as having a moderate level of
resistance. Scveral varieties, however, have

Resistance of eassava vurieties to three species of mites,

No. of varieties

Resistance evalua- No. of varieties in

Mite evaluated tion scale*** cach resistance class
Tetranvehus urticae 427 0-35 5.0 =370 var,
4.3 = 46 var,
4.0= 10 var,
S5 = |war
Mononyehellus megregorn 35 0-35 5.0 = 4 var.
4.5 =12 var.
4.0 = 3.
35 = 9var.
0 = K wvar.
20 = 2w,
Oligonychus peruvianus 1. K84 No. of mite co- 0 - H 72 K2
lonies| leaf 10 - 50 591 31,360
50100 434 23.00¢;
100 - 200 42) 22.34¢;
200 - 500 319 16.937;
S00-1000 27 )43c;

* Antiticial infestation in screenhouse
** Natural infastation in the field

**C Damage rating: 0-12 reastant; 2-3= imtermediate fesitance, 4-5 = ancephible
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been selected as promising for future Corynothrips stenopterus, Scirtothrips
testing. Only 45 varieties have been manihoti, Euthrips  manihoti,
evaluated for resistance to the Frankliniella williamsi and Frankliniella
Mononychellus mite, but several lines sp.

appear to have good intermediate
resistance. On the varieties screened for
resistance to Oligonychus, 0.5 to 1,205
webs per leaf were found. Seventy-two
varieties had less than 10 webs per leaf
(Table 17) and 16 varieties less than 5.

Yield reductions induced by thrips
attack were studied in two trials on the
CIAT farm. In the first trial thrips attack
was heavy during the dry season, and losses
were up to ‘15.4 percent in susceptible
cultivars and 11 percent for intermediate
Thrips ‘resistant cultivars (Table 18). Yield

reduction in thrips-susceptible cultivars

Five species of thrips have been was attributed to all insects attacking
identified as attacking cassava: cassava; in resistant cultivars it was

Table 18.Cassava yields of thrips-susceptible (S), intermediate resistant (1) and resistant (R) cultivars, ten
months after planting, with and without insecticidal application.

Yield (tons{ ha)

¢

Thrips it
resistance Without With yield
Cultivar evaluation insecticidey iusecticides* reduction
Trial 1
M Col 890 R 17.3 18.0 39
M Col 113 R 239 25.8 7.4
M Col 65 R 25.5 27.9 8.6
Average 222 239 6.6
M Col 22 1 2808 331 15.1
M Col 1438 1 340 52,5 20.0
Average ' 310 318 17.6
M Col 1703 S 21.5 25.7 16.5
M Mex 34 S 14.3 18.9 24.3
M Col 248, S 18.0 24.1 25.3
Average 17.9 : 229 22.0
Trial 2 '

M Col 1696 S 20.2 ’ 214 5.6
M Col 1745 S 21.9 24.0 8.8
M Col 1670 S 20.2 2.4 9.8
M Col 1765 S 20.8 243 14.4
M Col 1703 S 215 27.1 20.7
M Col 1777 5 19.5 25.3 229
M Col 1701 S 16.8 22.5 25.3
M Col 1767 S 16.9 23.6 28.4
Average 19.7 238 17.2

® Dimcthoate applied every month at 0.75 liters a.i.| ha
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attributed to all insects except thrips,
Assuming that insects other than thrips
attack cultivars equally, the greater yield
reduction in susceptible cultivars can be
attributed to thrips damage.

Inthe second trial, yield reduction dueto
thrips was estimated by the reduction in
vields of plots without insecticidal
protection as compared to protected plots.
Yield reduction ranged from 5.6 percent
for M. Colombia 1696 to 28.4 percent for
M. Colombia 1767, with an average
reduction for all varieties of 4. ] tons| ha or
17.2 percent (Table 18).

White grubs

White grubs, the larval stage of a beetle
(Scarabacidae) feed on the roots of young
plants, causing considerable damage.
Grubs feed on the bark and buds of
recently planted cuttings, reducing
germination. Attacks are more severe in
fields that were in pasture prior to the
planting of cassava.

Two control methods of insecticidal
application were studied: Soil applications
of a granular or dust insecticide were made
at the time of planting, or cuttings were
submerged in an insecticidal solution for
20 minutes before nlanting. Two varieties
(CMC-59 and 57) were treated with eight
insecticides and one herbicide; stake
germination was recorded 15, 25 and 35
days after planting. In another experiment
using the insecticides carbofuran and
disulfoton, thice methods of application
were studied: incorporation in the soil,
placed below the cutting or around the
cutting,

Results in the first experiment show that
white grubs can reduce germination
markedly unless controlled. Of 160
cuttings planted in the four control
replicates, 153 (95.6 percent) did not
germinate due to white grub damage
(Table 19). Aldrin and carbofuran
(granulated form only) gave the best
control with 80.6 and 73.] percent
germination, respectively. Disulfoton (50.6

Table 19. Effects of the application of several insecticides on the germination of cassava cuttings in the presence

of white grubs (Scarabaeidae).

S

Insecticide No. germina-

treatment Dosage germinated* tion**
l_n:::phcnc——[)l)'l' 1.2 liters] 100 liters H O 340 213
carbofuran (granulated) Jglm? 117.0 73.1
carbofuran (dip) 100 cc! 100 litersH,0 [7.0 10.6
Herbicide 2 liters + 2 kg | ha 17.0 10.6

(alachlor + diuron)

methamidophos 100 cc| 100 liters HzO 15.0 9.4
fenthion 75 ccf 100 liters H,0 48.0 30.0
disulfoton 3 gl plant 81.0 50.6
aldrin 60 kg ha 129.0 80.6
diazinon 70 ¢cc] 100 liters HeO 14.0 12.5
Control 7.0 4.4

*  Randomized block of 4 ploty of 40 cuttings per plot

**  Significant av | percent level
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Pabie 200 The effectiveness of the distribution of the placement of the gramulated insecticides carbofuran and
disulfotan for the control of white grubs (Searabaeidae),

Muethod ot sl

b ! apphcation

SO

No t

germmmated* germnited

Cothoiain
cathotign Bolon the cuttiny
DO \Vound cutting
disultoton
Jisulioton Below cutting
disutoton Nround cutting

antyro!

Incorporarcd in 20 m-

Incorperated 1 20 m?

ns Nid
74 w2s
o6 82§
62 77.5
60 R2.5
57 713
58 725

L B R TR

perecnt  germination)  gave  moderate
control. - but  the  remainder  of  the
mseeticides gave liule or no grub control,
Fhe dipomethod ot application was not
eftective.

In the second experniment, carboturan
(granular) applied below the cutting gave
the best resafts (Tabie 200 Fhis resulted in
only a 7.5 pereent reduction in germination
as compared to a 273 pereent reduction in
the controld.

Cassava fruit flies

Cassinva fraat fhes bave become one ol
the most senous pests of cassava i the
coffec-prowing  region ot Colomoia.
Orymally beliered to be only a pest of the
cassavit frunt, twe species of frait flies.
Anasirephia pickelic and A manihodi
(Tephritidae) have now heen identified as
also attacking the stem. The female prefers
to oviposit i the truit but frequently
oviposits in the soft Ussue of the stem of the
voung cassava phint about 16 to 20 em
below the growing point. The voung Larva
hatches and bores its way into the pith
region of the stem and tunnels downward.
This tonneling is a point of entry for a
hacteria! pathozen thet can cause extensive
rotting af the stem(See pathology section).

During their initial stages. the larvae are
white, turning vellow fater. The presence of
B-30

the larvae within the stem can often be
noted by the white lignid exudate that
flows from the larval wound down the
vem. This extensive rotting often causes
death of the growing point of voung plants
thig. 200 Onoone field 84 percent of the
plints were observed with this damage,
while in another tield about 75 percent of
the plants had collapsed 20 to 30 em below
the growing point.

(B -

Prgvre 200 ¥atensive rotting and death of the
growing point caused by a bacterial pathogen in
assnciation with the larvae of the cassava fruit 0y
(Anastrephia spuy,



Fable 2. Fecundity, egp viability upd longevity of the

in the field (based on 10 pairs of adulis),

whitefls Zvialevrodes v fubiles under caged comditiors

Nandard

Deselopmentag s Mininn Mivimiin Wetage denatiog
Nooof egps per female 134 178 1611 L S0
Eggs hatched (/) 899 100 98 2 159
Pupac formed (17 593 YE 7.7 2 Hhod
Adults emerped (<) 862 s g 98,3 ESER RN
Survival egg o aduly t'¢) 55.1 9.3 72.4 2 IS0
Longevity of femade {(dity ») 14 22 9.2 o230
Longevity of maje (diysy 5 15 B R

Whiteflies

Whiteflies (Aleyrodidae) are distributed
over many of the cassiava-growing areas of
the world. Several species have  been
identified  ay attacking  cassava:  these
include  Trialeurodes variabilis, Bemisig
tabaci, B. tuberculura, Aleurotrachelus sp.
and  Aleurothrixus Sp.  Although
indications are that whiteflies may not
cause direct damage due 1o feeding, they
are of particular importance because of
their ability to transmit mositie disease in
Africa. In addition 4 sooty mold growing
on their excretions may have an adverse
effect on plant photosynthesis.

The biology of the whitefly 1. variapiliy,
commonly found in Colombiy, was studied
under ficld conditions in sereened cages
(Table 21).

An evaluation for resistance to the
whitefly Aleurotrachelus Sp. Was made on
189 cassava cultivars during a heavy field
infestation. The oblong pupal stage of this
whitefly is black with g white waxy
exeretion around the outer edge. making it
casy to deteet on the Jear undersurface.
Several varieties were dentitied with very
low Jevels of infestation  (Tuble 2.,
indiczlling that  resistance 1o
Aleurotrachelus sp. s available in the
cassava ger:aplasm bank. Infestation was

one evaluation way
needs to be repeated.

unitorm, hut only
made and therefore

Cassava hornworm

A system for Biological control of the
cnsava hornwarm (Erinnyvis ello) was
described in the 1974 Annual Report, The
combination  of CBE  parastlism by
Trichogrammng fasciatum and Lyl
predation by qhe Paper wasp Poliveos
erytrecephatus supressed the hornworm
population at C1A '} throughout the vear,
There has been no outbreak at the CIAT
farm since these bivlogicel contr! agents
were introduced in 1973,

Homnworm outbreak, were studied op
o nearby farms. In both cases un
insecticide had been apphied to the cassiva
crap for insect (thrips and frait fIv) coatral

Lable 22 Evaluation ol 189 cassavy cultivaes for

resistance to the whitefly \curor

achelus

sp.
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prior to the outbreak. Egg parasitism by
Trichogramma was between 50 and 60
percent. The Polistes wasp was introduced
into both fields. In the first field there has
been no further outbreak for six months;
the second field is still being studied.

VARIETAL IMPROVEMENT

During the past three vears a substantial
amount of basic data on germplasm and
genetic behavior and selection efficiency of
the cassava plant was accumulated.
Evaluation of more than 2,000 entries in
the germplasm collection was completed.
Hybridization and seedling selection
techniques were established. Selection
based on harvest index of the plant proved
to be efficient, both genetically and
physiologically.

During the year, approximately 230
cultivars, 3,000 hybrid lines and 8,000
hybrid plants were evaluated and
harvested in a replicated vyield trial, an
~ observational yield trial and a hybrid
selection field, respectively. About 160
hybrids lines, 1,200 hybrid lines and 25,000
hybrid seeds were planted in the replicated
yield trial, the observational yield trial and
the selection field, respectively.
Approximately 30,000 hybrid seeds were
produced from about 250 cross
combinations. A major part of these seeds
are sown at CIAT within six months of
harvest: some are sent to breeders in many
countries of America, Asia and Africa.

A yield of more than 60 tons| ha]year
was obtained in a replicated yield triai. The
highest vielding cultivars at CIAT are
outperforming the local cultivars not only
at CIAT but also outside CIAT; thus *ield

improvement through modifying the
cultivars seems a forthcoming reality.
Germplasm collection

The present status of the CIAT

germplasm collection is presented in Table
B-32

23. Present ststus of the CIAT cassava
germplasm collection.

Table

No. of
cultivars No. of
Country of maintained  cultivars

evaluate

origin at present

Colombia 1676 1646
Venersueli 269 255
Feuador 134 134
Meaico 68 65
Brazsil 22 5
Panama 20 20
Puerto Rico 16 15
Costa Rica 16 0
Dominican Republic 5 0
Peru 2 2
Paraguay 2 2

Total 2230 2142

23. Useful genotypes have been identified
for a:l the major diseases and insect
problems,

Yield trials

Selected mainly on the basis of harvest
index and root yield when grown in single
rows, 232 cultivars were harvested in
replicated yield trials at CIAT. The
experiments had two replications and all
harvested plants had two border rows. The
nice central plants were harvested 12
months after planting in each replicate. No
fertilizer, fungicide or insecticide was
applied to the experiment.

Data on the best-yielding cultivars are
presented in Table 24. One cultivar yielded
more than 60 tons|ha, eleven cultivars
yielded more than 50, and three gave a dry
matter yield of more than 20 tons|ha.
Llancra, a local cultivar, yielded 26.7
tons! ha of fresh root or 8.7 tons of root dry
matter. These results suggest the possibility



lable 24, Twenty hest yielding cultivars,

Dry matter

Root dry matter Total plant

Root yield content of yield weight Harvest
(tons) ha | year) rools ftonsthalyear)  (toms{ha|vear)  index
M Ven 21K 60.6 359 217 96.7 626
M Mex 17 542 368 199 83.9 646
M Col 946 536 394 21.1 106.1 505
M Pan 70 2.8 RYIS 19.8 79.4 664
M Col 1686 515 dos 16.1 99.2 .529
M Col 1292 522 A7 20.2 118.6 440
M PTR 26 52.2 368 19.2 79.4 657
M Col K03 51.4 365 18.8 106.7 482
M Col lox4 50.8 331 16.8 78.3 .649
M Mex 59 50.6 35K 18.1 100.3 504
M Ven 77 50.0 IRK2 16.7 38 6 .564
M Ven 1ok 494 .369 18.2 86.9 550
M Mex 16 49.2 353 17.4 83.9 590
M Pan 114 49.2 375 18.4 76.2 .645
M Col 638 48.6 351 17.1 106.9 454
M Col 655A 46,7 385 18.0 I.()S.b 442
M Col 1468 46.1 37 15.1 94.7 A87
M Ecu 47 46.] 3 17.1 911 495
M Ven 270 45.8 .395 17.9 108.9 421
M Mex 52 44.1 .390 17.4 107.6 416
Llanera (Local cultivar) 26.7 325 8.7 53.1 .503
M Col 22 (Control) 267 398 10.6 1.4 644
M Col 113 (Control) KLN .35;! 13.5 §5.3 446

of immediate yield increase by varietal
selection. Considering that the cleven
cultivars that yielded more than 50 tons | ha
compose the upper 0.5 percent selection
from the original collection, it is obviously
important to start a selection program with
a very broad variability of germplasm.

High total plant weight and harvest
index are very importanrt in obtaining high
vields (Figs. 21 and 22). There seems no
way of obtaining high vields when the
harvest index is less than 0.40. Harvest
index was negatively correlated with leaf
and stem weight (Fig. 23), thus confirming
that the top and roots are competing sinks.
The types with too vigorous top growth
have a very low harvest index; and the
types with a very high harvest index cannot

maintain a reasonable level of top growth
and hence leaves, resulting in a low total
dry matter accumulation,

60F‘"‘ e e TR
- R
E (9 ol R
2 40 . A SR LR R
S R T S
= B TP Y A
- 30t T .
5 e Rt
T b . ed :t"i.,.l R S *
S [
N i it I
30 60 80 100 120

Total plant weight (tons] ha)

Figure 21. Relationship between total plant weight
and root yield (fresh weight).

B-33



o0F” : .
= s AR
"= JoaN, 2N
Kl L .\.' L1} R
= 40 ."-““\! : "...' .

z ICIAN
= RIIN
=
< .
i 20%
=

ll’( .

|l_' —r

Harvest index

Frgure 220 Relationship between harvest indes and
taut yield in population trial,

The correlation between vield data in the
single-rew and  population  trials  was
surprisingly - low  (Fig.  24), probably
because  of iniensive intergenotypic
competition.  The  correladon  hetween
harvest index in the single-row and
population trials (Fig. 25) was high. As a
resuit, the harvest index in the single-row
trial was highly correlated with the vield in
the population trial (Fig, 26): this indicates
that harvesr index as a selection trait is
even hetter than vield itself when genotypes
are tested at the observational vield trial

level.
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Figure 23. Relationship hetween top growth and
harvest index in populatior. trial.
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Frzure 240 Relationship between root yield data in
single-rom and population trials.

A remarkable varietal variation was
observed in initial vegetative vigor. Initial
vizor was highly correlated with leaf and
stem weight at harvest and negatively
correlated with harvest index: however, it
was not sigmficantly related to vield (Table
25). Under CIAT conditions, which are
regarded as nearly ideal for obtaining high
yields, the yield of more than 50 tons| ha
was obtained with a rather wide range of
initial vigor. However, when considering
less  favorable conditions for cassava
growth that are more representative of vast
cassavia-growing areas in the tropics, the
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Figure 25, Relationship between harvest indexes in
single-row and population trials.
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Figure 26, Relationship hetween harvest index in
single-row trial and root vieid in popatation trial.

types with high initial vigor may be given
more importance than those with a high
harvest index and low vigor,

Yields decreased parallel to the degree ol
lodging index (Table 26). Iike almost any
other crop, lodging is fatal 1o cassava yields
and should be avoided at all cost.

Trials outside CIAT

A number of selected cultivars and
hybrid lines were planted in Carimagua
(Llanos Orientales). Caribia {Northern
Coast) and Popayin (mountain zone), In
Caribia, the center of cassava nroduction
in Colombia, M Mexico 59, M Colombia
638, M Colombia 1468 (CMC-40, I1CA

Table 26. Effect of lodging on yield and harvest

index,

Number of Root vield  Harvest

Lodging» plots (rons | by index
1] 177 7.6 ALY
i Kd 2 RRE
2 35 R RS
3 52 0.0 357
4 43 28.0 31
s 39 8.7 ARH

Fratuated at ten fonthsafter planting = nolodging S=camplete
fodging
among 15 best vielders in 300 lines
evaluated. This suggests that there are
high-vield selections adapted at least to the
altitude range from 0 m in Curibia to 1,000
m at CIAT.

Selection

From a total of approximately 8,000 F
hybrid plants. about 1,200 were selected on
the basis of harvest index and root vield
(Table  27).  These materials  were
forwarded to the observational vield trials,
and some are alse being observed in
Carimagua and Carihia.

The high correlation of vield data —i.e.,
harvest index. root vield and total plant
weight--between the seedling and the

selection) and M Colombia 1684 were  stake-planted  generations  has been
Vable 25, Eifect of initial vigor on yield characters,
Total Leaf and
Initial Number of Root vield Hurvest plant wi stem wi
vigor® cultivars (tons| ha) index (tons ] hi) ttons | ha)
i 4 27.5 S 532 257
2 49 320 473 67.8 RARS
R] 90 325 439 IER! 4.6
4 bt 29.0 .363 79.2 50.2
5 7 29 38 96.0 63.2

* Pvalnated at two months after planting 1= ey low vipor; §= very hagh v



Table 27. Data on selection of ¥y hybrids,

Averinge Averige
vield ot Average harvest
Fotad No Average ;clcrlcd harvest indey of
no. ol hyvbrds vield of hy brnds index ot selected
Cross  Parenzs hyvbrds  selected  afl hvbods®  (heiplanty a b hybrids hvbrids
CM 305 M Col 13 x M Col 22 150 40 ) " o9 o
CM 307 M COL 22 8 M Col 20 254 13 S0 p SN 64
CN 209 M Col 22 x M Col 647 737 193 s2 " ol 65
CM 30 M Col 22 8 M Col 667 REY 17 R "6 S5 .61
CM 33 M Col 220 M Col 1292 74 12 5.2 8.2 6t 67
CM A2 M Col 228 M Aen 270 42y o 14 70 o4 09
CM 23 M Col 220 M Menv Sy [y 140 4.6 8.1 62 64
CM 334 N Men 3500\ ol 647 35 10 52 10.3 ol 66
CM 342 M Col 22 1 M Col BN 17x 17 . 7.6 B o4
CM 345 M Col 113 8 M Mo Sy 100 ] - 10.6 - 59
CM 356 M Col 647 & M Mex 58 i3 ii . 5.2 - 6]
* Planted ar T 2 mspacme i Batoetod et e O B Lt e

contirmed. This high correlation or high
efficiency of selection with seedling plants
exists asv early as seven months afrer
transplanting them (Fig. 27). Even if the
seed'ing plants are kept until 15 months.
these carrelations do not improve (Fig. 28).

Since only a few planting stakes can be
obtained with seedling piants less than
seven months ¢id, it is unlikely that the
breeder will practice selection witi* seedling
plants before the plants reach this age. The
results do, however, suggest that very
efficient seedling selection is guaranteed
whenever the planting stakes can be cut
from the seedling plants as long as they are
widely spaced to avoid intergenetypic
competition in a reasonably uniform field.

Hybridization

Results of the yield trial were significant,
not only because quite a few cultivars
yvielded well but also because many of these
high-yielding cultivars had been actively
utilized in our hybridization program for

B-36

two vears. Of 20 of the best vieiders, eight
had  been sed  quite actively in
hybridization  and  several hundred
selections from these hvbridizations are
already being evaluated in observational
trials in and outside CIAT. There is a good
chance of perfecting such cultivars as M
Mexico 59 and M Colombia 1468, which
casily outyield local cultivars in and
outside CIAT, by selecting from the hybrid
lines which exist in the order of tens of
thousands if the problem is high yield
poiential and wide adaptability. Thus, the
emphasis in our hybridization program has
shifted to disease resistance and some other
characteristics such as long root durability
after harvest or high starch content.

Additions to the hybridization program
are given in Table 28. M Colombia 638 is of
particular interest because it seems to
combine yiclding ability with high
resistance to cassava bacterial blight. As a
result of one initial cycle of hybridization
and selection, several hybrid lines with a
high harvest index and resistance to CBR
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Figure 27. Correlation of data for seedling plants
(horizontal axis) harvested at seven months compared
to that of the stake-planted plants (vertical axis)of the
same genotype.

were identified; thus hybrids such as CM
309-41, CM 309-56 and CM 309-206 are
actively used in hybridization.

Using the data with seedling plants, a
highly significant regression of parental
average on F| hybrids average in harvest
index had already been shown. The same
type of analysis was made with both the
parents and the F hybrids, using tke data
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Harvesting of seedling plants
(months after transplanting)

Figure 28, Harvesting time of seedling plants and
the efficiency of selection.

of stake-planted plants. By nature, this
type of analysis is more accurate and
practical than the former. A highly
significant regression was obtained not
only in harvest index but also total plant
weight. The regression in root yield itself
was not as high as in harvest index and
total plant weight; nevertheless, it was also
significant (Figs. 29, 39 and 31). This
encourages breeders to believe that almost
any character with practical meaning can
be inherited, thereby justifying the fact that
a large part of our hybridizations are by
controlled pollinizations.

Disease resistance

The pathology group has shown that
there are at least five major diseases to be
taken into account when breeding for
resistance. Highly resistant genotypes for
cassava bacterial blight and Cercospora
leaf spots were identified (See pathology
section and Table 28). The data suggest
that this resistance can be readily
incorporated into agronomically desirable
types. Highly resistant genotypes for
Phoma leaf spot, a disease prevailing in
temperate climates, were also identified;
but it is not yet known whether this is easily
incorporated into high-yielding types at
low temperatures. Several moderately
resistant types for superelongation disease
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f‘;g Table 28. Characteristics of cultivars or hybrid lines frequently used in hybridization programs.

Resistancee to

Super-
H?r\'csl Leaf area Early Fasy to Root du- Starch c:lung;mnn Cercospora Phoma
index Vigor retention maturity harvest rabihty content CRBB disease spp. sp.
Llanera + + +
M Col 22 ++ +e ‘e ‘e
M Col 113 o ++
M Col 197 ) -+
M Cotl 330 ..
M Col 638 + ++ +
M Col 647 ++
M Col 655A ++ +
M Col 667 T '
M Col 1292 - . .
M Col 1468 +
M Col 1684 ++
M Mex 55 +
M Mex 59 + ++ : ++
M Ven 270 + ++
M Pan H14 ++
CM 309-1) ++ ++
C\ 309-56 -+ e
CM 309-206 -+ 4
CM 32115 ++ +
CM 327-12 ++ -
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were identificd: however, it is not known
how effective the resistance of these types
will be and how long the resistance will last.
Needless to say. all resistant tvpes are
actively  hybridized  with high-yielding
types and among themseives,

- =
. °*
.
o e o .
< . b L
o ° [}
£l c e et .
= * e e®
- . * .
- * [}
= o’ . : -
. o L
g A4 . . .
)
3+ b -
. ® r=()745%
(U USSP [ .l_._A._,.,-_._J.-.__—__L..._-
.2 R 4 S .6

Average harvest index of parents

Figure 30. Relationship between average harvest
indexes of parents and the respective Iy hybrids.

[}
. 14+ .
z .
= .
-;‘:‘:‘ ° ® ..' | °
.
é 10+ . .
.E.‘ o %o o.o.:. LYY
< 8t % o %eg . ®
- °
= % ®
z o‘z *t . !
) or . . !
= e %
5 . b
i 4 * ra ()Gl
. L[] |
2r :
2
o 1 t ] i 1 1
2 4 6 8 10 12 4

Average total plant weight of
parents (kg| plant)

Figure 31, Relationship hetween average total
plant weight of parents and the respective Fr hybrids,

The observational yield trial at Caribia
was infected by CBB, and a clear varietal
difference in the reaction to this disease
was observed. The observational vield trial
at CIAT was free from CBB. The varietal
vields of the two locations were compared
at cach level of the CBB attack in Caribia
(Table 29). The yield difference of about
3.5 kg between CIAT and Caribia with
resistant and tolerant cultivars (CBB,
grades | and 2) represents the general yield
difference between the two trials. With
highly susceptible cultivars (grade $5). the
vieid difference was 6.4 kg. Results indicate
that even under a moderate ievel of CBB
attack, resistant cultivars are highly
desirable, moderately susceptible cultivars
give a significant yield reduction, and
susceptible cultivars will give disastrous
results. Thus, the first cultivar to be
recommended should possess at least a
moderate level of CBB resistance, if not a
high one. in addition to high yielding
ability with wide adaptability.

The  observational yield trial at
Carimagua was heavily infected by CBB
and superelongation disease. Practically
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Table 29. Comparison of root yields at Caribia and CIAT at different levels of varietal CBB reaction.

CBB Yield at Yield
attack Number of Caribia at CIAT N
in Caribia® cultivars (kg| plant)** (kg plann)*»* Difference

| 20 SRS .62
2 52 218 6.08 R
3 76 247 6.7} 4.4
4 37 .87 6.52 4.65
5 25 1.09 7.54 6.43

* I=no symptoms; 5 = heavy CHBB infection

**  Planted at | x| m spacing and harvesteu at nine months
** Planted ar Ty 13 mospaaing and hanvested at 1en months

all the plants were wiped out, and only M
Colombia 638 gave roots of edible size. The
results simply indicate that under
extraordinarily heavy attacks of CBB and
superelongation, anextremely high level of
resistance to these diseases is required; and
in the long run, this level of resistance
should be incorporated into high-yielding

types.

Starch content and root durability

Since a significant portion of cassava
production is expected to go for animal
feeding and starch extraction in the future,
yield should be expressed in terms of root
dry matter or statch yield, as well as root
fresh yield. Varietal variation in root dry
matter content was great, even anong the
20 cultivars selected on the basis of fresh
weight yield (Table 24). This suggests that
the yield ceiling level has not been reached
as regards dry matter yield per area per
time,

The correlations between root specific
gravity and root dry matter content and
between root specific gravity and root
starch content were very high. Conversion
diagrams from specific gravity to dry
matter content and starch content in the
peeled root are presented (Figs. 32and 33).
The proportion of root peel fresh weight to
whole root fresh weight and the starch
content of root peel varies according to
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cultivars. Assuming 20 percent as a rough
average for both, conversicn diagrams
from root specific gravity to starch content
of (1) the whole root and (2) of the peeled
root over the whole root arc also presented
(Fig. 34).

One of the biggest shortcomings of
cassava is its extremely rapid root decay
after harvest. Sume genetic difference in
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Figure 32, Regression of root specific gravity on
dry matter content (roots harvested at 11 months).
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Figure 33. Regression of root speciiic gravity on
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root durability after harvest has been
observed. Two methods representing two
extremes of conditions to which cassava is
subjected before marketing or processing,
were devised to evaluate this characteristic.
In the field evaluation, 15 randomly
sclected roots were left in the field for two
weeks and then evaluated by chopping
them. In the laboratery evaluation, 15
randomly selected roots were kept inside a
room at a normal temperature of about
240C. After one week, all the roots were
chopped and the degree of streaking on the
root was evaluated. In this way, the fitness
of stored roots for human consumption,
animal feeds and starch extraction can be
more objectively evaluated.

In the great majority of cultivars, roots
simply decayed afier three or four days
whether they were kept in the field orin the
laboratory. However, roots of some
cultivars of hybrid lines were occasionally
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Figure 34, Regression of the specific gravity of the
whole root on the starch content of the whole rootand
the proportion of starch in the peeled root as
compared to the whole fresh root.

found edible even at two weeks after
harvest. There is a large margin of error
associated with the two methods, The
correlation between the field and the
laboratory evaluations was not high but
acceptably useful. After eliminating all the
cultivars or lines which showed
unacceptable decay in any evaluation,
there were still a certain number of
cultivars and hybrid lines that survived all
evaluations. There seems to be no
association between root durability and
yielding ability. The selected materials are
being utilized in the hybridization
program, and the genetic behavior of this
character is being studied.

AGRONOMY

During 1975, 90 percent of the work was
done outside CIAT, principally in
collaboration with farmers and national
agencies such as the Instituto Colombiano
Agropecuario (ICA), the Federacion
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Nacional de Cafetcros and regional
departments (secretarias) of agriculture.
Although work was done on cultural
practices, major emphasis was placed on
regional trials.

Regional trials

Cassava shows great variability. To
select a variety based on marked
differences in characteris easy, but to select
compatible genetic characteristics that
react favorably to several envii»nments
and produce optimal yields under int.nsive
growing conditions is difficult, For this
reason, yield evaluations in the field must
still be made.

From the 14 trials planted in different
regions of Colombia (Table 30), nine have
been harvested. Five trials were planted in
cooperation with ICA, three with the
Federacion Nacional de Cafeteros and one
with the Department of Agriculture in
Santander del Sur.

Multiplying promising varieties

The rapid propagation method (see
section on propagation) was used to
multiply 22 promising varieties in
sufficient number to plant 21 regional
trials. Asexual “seeds™ (cuttings) from
these varieties were distributed to the
Philippines, Australia, Guyana, Ecuador,
Venezuela and Mexico.

Objectives

As Colombia is a relatively small
country that offers a wide gamut of
climatic and edaphic conditions, it is ideal
for evaluating promising varieties for their
productivity and adaptation. The trials
have two main objectives: (1) to measure
the components that have the most
influence on yield under different
environmental conditions in order to
extrapolate results to other regions, both
within and outside Colombia; and (2) to
replace local varieties with improved
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varizties that not cnly give higher yields
but that are also disease and insect
resistant, tolerate poor soils, are casy to
harvest and are of superior quality for
human consumption and industrial uses.

Technology and methodology used

The same technology was applied to all
trials; the use of moderr. expensive inputs
was avoided. Plantirg was done on ridges
when the soil was heavy and on the flat
when soils were very permeable or sandy.
A randomizzd block design with four
replications was used. The soil was
analyzed in each replication, and a
pluviometer was installed at each site. The
regional variety or varieties were used as
controls. The harvested area was always
surrounded by at least two border rows,
cither of the same varicty or at least one of
tiie harvested variety and others of the
neighboring line. Stakes (20 ¢m) were
planted vertically at a population density
of 10,000 plants; ha.

Cuttings were dipped in a 5 percent
arazan solution for five miniutes to prevent
the rotting of cuitings and the death of
seedlings at the time of germination.
Toxaphene-I3DT 40-20 was applied at a
rate of 1 gall ha to control soil insects that
are not specific to cassava but that could
hinder normal germination and good plant
development during the initial stage.

A mixture of preemergence herbicides
(diuron and alachlor) was applied
immediately after planting in variable
dosages according to soil texture (Table
31). Diuron was used to control broadleaf
weeds and alachlor, grasses. Weedings
were carried out in accordance with the
rainfall pattern of each region. Carimagua
was the only site where fertilizers were
used. Insects attacking the aerial portion of
the plant and diseases were not controlled
in order to determine the true potential of
the promising varieties under the
conditions found on the majority of
cassava-growing farms,
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Table30.  Sites where the first group of promising ICA| CIAT varieties were planted and the main soil and climatic characteristics,

Mean Organic p

Altitude Temperature Rainfalf RH Soil matter (Bray 1) K

{m) *C) {mmjyr) () type pH (“7) (ppm) {meq] 100 g)
Media Luna 10 22 I.486 77.6 Sandy 6.28 (N) 0.7 113 82 (1) 0.6 (L)
Carimagua 200 26.1 2,031 75.2 Clay loam 4.7 (va) N6l LO (1) 0l (1
Nataima 430 278 1,479 69.0 Sandy 6.2 (N) 1.3 (\D) 247 (M) 0.2 (A
Villavicencio 450 26.3 4.306 75.6 Clay Fam 43 (VA) 28 (M) 41 (1) 0.1 (L)
Florencia 450 25.0 3475 85.0 Sandy loam 5.5 (A) 23 189 (A1) 0.2 (A
El Nus %17 237 1.875 63.6 Loam 50 (A 38 (AD) 43 1) 0.1 (1)
Rionegro 480 26.6 1.594 79.5 Silt loam 5.8(A) LS (M) 39 (1) 0.7 (M)
CIAT 1,000 235 1055 74.5 Clay 6.4 (N) 3o (M) 250 () 0.3 (i
Caicedonia 1,100 222 1,900 80.7 Silt toam 55 (A) 5.3 (H) 0.0 () 0.7 ()
La Zapata 1,100 227 1.219 75.2 Clay loam 52 (A) 68 (H) 5.0 (1) 0.1 (1)
Darién 1.450 19.5 1,500 83.0 Silt loam 50 (A 150 (H) L9 (1) 0.1 (1)
Pereira 1,480 ' 19.0 2,000 80.0 Silty clay 5.0 (A B3 (i 83 (1) 0.1 (L)
Popayan 1,760 18.0 2.500 85.0 Clay loam 5.0 (A 7.6 (H) 24 L) 0.4 (H)
La Unién 1.80¢ 17.0 1.844 70.0 Clay loam 3.7 (A 122 (Hy 6.1 (1) 04 (H)
N= NculraI,A TAcad, VA = Very acid Jlo=Llow M= M:dium,ll = High



Preemergence herbicide mivture
recommended according to soil texture.

Table 31.

Clay - 2.0 kg diuron + 3.0 liters alachlor
Silt loam 1.5 kg diuron + 2.5 liters alachlor
Clay loam 1.5 kg diuron + 2.0 liters alachior
Sandy 1.0 kg diuron + 2.0 liters alachlor

The recommendation of varieties ineach
country corresponds to the respective
national agency; however, CIAT and the
local agency conduct a field day at harvest
time to inform farmers about the results
and let them select the varieties that best
suit their needs. They then receive seed to
make their own evaluations. A register is
kept of the farmers and the places where
the varieties are to be planted. So far, the
criteria for selecting varieties for the
second or third year of trial have been
flexible, depending mainly upon the zone
and the behavior of the rntrol. At
Rionegro, for example, those varieties that
outyielded the best regional one by 50
percent were selected. At Media Luna, the

percentage was 25; at Caicedona, 20; and at
CIAT, 34. Rejected varieties are replaced
yearly with new ones being tested for the
first time. This is a continuous, dynamic
process in which excellence is the criterion
for selection.

Each site was visited eight times to check
the development of the trial, collect data
and order the necessary weedings.

Results

As regards diseases, there was a severe
outbreak of bacteriosis at Carimagua and a
moderate outbreak at Media Luna, La
Zapata and Nataima. Although clean
material was taken to all sites, it is difficult
to prevent contamination where the
disease already exists,

Superelongation disease was also found
at Carimagua. Phoma leaf spot decimated
the majority of varieties at Darién, which
explains the low yields obtained at this site
(Table 32). All three types of Cercospora
were found at all sites, but C. vicosae was

Table 32. Principal characteristics of the promising cassava varieties planted at the 1974-1975 regional trials.

Resistance to

Plant Easy Super-

height to Bacte- elongation  Phoma C. C

(m)  harvest Thrips  riosis disease sp. henningsii  vicosae
‘M Col 22 1.50* Easy R** S R S R T
M Col 113 1.98  Difficult R S S S T S
M Col 673 200 Moderate T S - S R 5
M Mex 23 2.23  Difficult R S - S T S
M Mex 55 1.70 . Easy T S - S S S
M Mex 59 1.85 Moderate S S - S R R
CMC-9 (M Col 1438) 200 Moderate S T R S S S
CMC-40 (M Col 1458) 2.35  Easy S S - S R T
CMC-76 (M Col 1505) 2.25  Easy S ess . S R T
CMC-84 (M Col 1513) 235  Easy T S - S R T

*  Piant height for ICA[CIAT promising varicties is given for conditions at CIAT,

**  Rzresistant, S= susceptible, T=tolerant
T ®** Not evaluated
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Table 33. Fresh weight (tons| ha) and dry matter yield (kg| ha|ha) of cassava varieties at nine sites in Colombia, harvested at 11 months.

Rio Negro Media Luna Darien  La Zapata Caicedonia Nataima El Nus CIAT Carimagua

FW. DM. FW. DM. FW. FW. DM. FW. DM. FW. DM. Fw. DM. FW. DM. FEw.
Trial varicties
M Mex 59 34.7* 20.5 287 R0 2.4 29.2% 305 40,0 49.0  J3.6* ‘ 440  14.6* 16.9 331 356 -
CMC40* 28.6* 216 29.3* 258 5.3* 18.3 17.6 320 357 453+ 409 150 17.3 422+ 423 -
CMC-g4°* 26.0* 26.1 17.8* 156 4.0 26,6 293 27.1 319 33.6* 363 26.0* 332 403+ 44.7 7.3+
CMC-76%+ 25.8* 25.9 18.2 19.5 1.4 177 175 324 353 267 298 20.0* 249  36.0* 39.2 -
M Col 113 229 164 13.4 10.R8 2.5 38.9* 439 312 352 23R 185 156* 18.0 26.8* 29.0 1.6
CMC-9e» 202 214 8.0 7.8 0.1 207 21.2 244 288 177 16.7 7.8¢ 9.0 317 39 -
M Col 22 198 174 223 240 0.0 200 222 277 358 345+ 344 136* 18.2 394+ 46.2 4.1
M Mex 23 145 120 IER 12.6 1.0 35.6* 415 196 436 245 24.8 4.5 56 343+ 36.3 5.8*
M Col 673 » 25.1* 19.0 10.5 10.8 - 32.8* 382 - - - - - - 25.0 28.8 4.7
M Mex 55 128  &.1 8.8 20.1 - - - - - - - - - 28.8 324 -

Regional varieties
Colombiana 15.7 120

Torrana Negrita 119 g4

®  Varieties approved for a second-year trial
oo Promising ICA varietics
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Table 33, (Continuation)

Rio Negro Media Luna Parien La Zupata Carcedonm Notaina [ RSN CIA] Cartmigua
FW. M. Fw 12.M . | SR\ W DAL bW [BINY] [ERAVSS Py M [ EA N PRV | RIS Y A\Y Fw
Blanca Mona 7.7 1.2
Secundina .o 128
Nativa 63
Folima 25.1 2.3 19.5 20.0
Chiroza Gatlinaza 2.3 3.0
Varasanta 2.3 216
Aguahajo 183 19.3
Palmirena 7.7 9.6
M Col 113 . 26.8 29.0
Chiroza Acacias ax
Average including
regional varietios 218 174 17.3 16y 2.5 20,7 24 3w 419 290 2K6 139 170 325 AN 43
Average without
regional varicties 230 87 i7.9 l6.X z0 266 291 31N 430 312 07 147 179 330 57 14
Best regionad average 157 120 17.7 212 6.3 280t 323033 31 223 216 7.7 9.6 268 29.0 K




most frequent
Luna.

at Rionegro and Mediy

As for insects, La Zapata was severely
attacked by thrips, which were  also
reported at - Caicedoniy, although in
smaller numbers,

In relation 1o dry matter. there was 4
great deal of variation, as can be scen in
Table 33. Taking into account only the
four most outstanding varicties. it can by
seen that as fertility increases so does dry
matter  content  (Table ). It owas
interesting to find that in areas of low sojl
fertility such as Media Luna. there were
varieties so  efficient  as CMC-84 (13
percent more dry matter than M Mexico
59). These data are especially important for
the starch and pelletizing industries and
should be taken into account in the final
evaluation of varieties.

The  principal characteristics of the
outstanding promising varieties are given
in Table 32. Data on fresh weight and dry
matter content are given in Table 33, The
general average vield for the best regional
varicties at the nine sites in Colombia was
17.8 tonsfha. In comparison to  the
estimated national average (8 tons| ha).
there is a difference of 9.8 tons| ha. Results
from the agro-cconomic survey carried out
on 300 Colombian cassava farms suggest

Lable 34, Variation in dry matter content (percentape

that this difference  js even  preater,
Therefore, the national average was
surpassed 122 percent through such stmple
dgronomic practices as planting clean,
treated seed; incorporating insecticides in
the soil at planting; and keeping the crop
weed free. The best CIATIICA linc in each
region gave un average vield of about 30
tons| ha, suggesting the enormous vield
potential  through using  not only
improved, low-input technology but also
improved vaiieties.

Cultural practices
Planting systems

A trialto determine the effect of planting
system fon ridges or on the flav) on vield
was carried out in collaboration with
Cassava - growers  from  the region of
Caicedonia, where the majority of farmers
plant cassava o ridges. even on the slopes.
The farmers do this o reduce root rot,
which occurs when the soil is very moist.
Since some tarmers had tound that this
system o produced  fewer  roets in
comparison to planting on the flat, a trial
was designed to determine whether this
was true. The locgl variety Chireza was
used with 4 fixed population of 10,000
plantsiha. Weed control was practiced; it
Was not necessary to apply either fertilizers
or insecticides.

) of four outstanding varieties, according to site and sojj

fertility,
CMC40 CMC-84
M Mea 59 (M Col 1965 (M Cul 151y M Caol 22

Media Luna

Low NPK tevels 19.5 249 330 290
Nitaima

Medium NPK fevels 3.0 29.8 R 329
Caicedonia

High NPK levels 0.4 RITH RERY 42.7
La Zapata

High NOtow P and K levels REN RI 6.3 6.6
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Table 35: Yields, harvest index, percentage of commercial roots and weight of commercial roots for the
different plant populations of the variety Chiroza,taken at 340 days.

Fresh weight vield Commercial Fresh weight
Plants] total roots Harvest roots commercial roots
ha (tons| ha) index* (%e) (fons| ha)
4.000 20.5 0.50 100 20.5
7.000 109 0.51 100 309
11.000 314 0.49 91 28.5
14.000 278 0.46 91 25.2
17,000 KA 0.49 84 29.9

* Data taken from 20 plants selected at random

Harvesting was done at 341 days.
Average vield on ridges was 28.4 tons| ha
whereas on the flat it was 32.2 tons.
Nevertheless, planting cassava on the flat is

not advisable in all cases; soil texture must
be taken into account. On sandy sil,
planting should be done on the flat;and on
heavy soils, ridges should be used to avoid

40
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Figure 35, Effect of plant population on fresh weight yield of total number of roots from four different plant
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the danger of rotting. Although yields are
lower when cassava is planted on ridges,
harvesting is easier. This is not evident in
the case of Caicedonia because of the
special soil conditions of this region. When
planting on ridges, an average of 1,070
kgl man was harvested during a seven-
hour day, as compared to 896 kg for the
other system. In a similar trial at CIAT, it
was found that planting on ridges required
12.6 tractor hrs| ha, whereas planting on
the flat required only 8.4; therefore, the
latter system is recommended on soils
where rotting is not a serious risk.

Optimal plant populations on ridges

In order to determine the optimal plant
population for the medium-height variety
Chiroza, a trial was designed using low and
high populations in contrast to the 7,000
plants| ha commeoenly used in the region.
Populations ranging from 4,000 to 17,000
plants| ha were used.

Between the 7,000 and 17,000 plant
population, there was a difference of 4,790
kg| ha, significant at 5 percent with the
Duncan test (Table 35). Nevertheless, this
higher weight is not profitable because as
the population increases, the percentage of
commercial roots decreases.
Consequently, a population of 7,000
plants| ha is adequate for the conditions in
Caicedonia, where the roots are destined
for fresh consumption.

Plant type versus population

In cassava, optimal plant population
depends upon the height of the variety. The
fan-shaped trials have provided a great
deal of information, but further study is
needed in relation to the different plant

types.

Two short and two tall varieties with
different branching habits were selected.
Populations ranging from 2,500 to 40,000

30
/ ~ Commercial roots
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7’ -~ —
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/ \“\
/ —\
\
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] ===
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P——— ..
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I
=== Short, nonbranching ~—-=—"Tall, nonbranching
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Plants| ha
Figure

36. Eftect of plant population on fresh weight yield of commercial roots from four different plant types.
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plantsfha were used. The trial was
harvested at 367 days.

Figure 35 shows the trend for total root
production: that is, as plant population
increases. cassava production increases.
This would be the ideal case for countries
like Brazil and Thailand. where cassava is
processed before being marketed. In the
1974 Annual Report (physiology section),
population curves tended to descend at
40.000 plantsiha. In this case. however,
these curves do not descend at this level
because weeding was done only three times
and weed populations were lower at higher
densities, whereas in the physiology trials,
weeding was done throughout the trial.

In arcas where cassava 1s consumed
fresh, it is necessary to find an optimal
plant population for commercial root
production (roots longer thaa 25 cm and
more than 5 cmin diameter). For the short
varieties  and  the tall. nonbranching
varictics. this  was 10,000 plants| ha;
whereas for the tall, branching variety. the
optimal population was 5,000 (Fig. 36).
Each variety must be analyzed separately
and cannot be compared, as each has a
different genectic nature that determines its
potential vield. It was also found that as

plant populations increase, the number of

weeds decreases. Branching varieties let
less light through than nonbranching ones,
thus exercising better weed control.

SOILS

At the beginning of 1974 various
experiments were planted in the acid soils
in Carimagua (Llanos Orientales) to study
the response of cassava to fertilization and
to determine the best agronomic practices
for this type of soil. A severeattack of CBB
eliminated  several experiments  and
affected plant growth to a lesser extent in
others. In  October, 1974  several
experiments were repeated in Tranquero. a
few kilometers from Carimagua; and these
remained free of CBB until harvest. The
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results of the Tranquero ana the least
affected  Carimagua  experiments  are
reported below. Except for the element(s)
under study, the trials received a uniform
fertilizer application of 12 ton lime| ha
with a Cal Mg ratio of 10:1:100 kg N| ha as
urea: 100 kg PxOs/ha as triple super-
phosphate: 200 kg K20| ha, hall as KClI
and hall'as K>SOy and [0 kg Zn| ha as zinc
sultate. The variety Llanera was used: all
experiments were harvested at 9 2 or 10
months ot age.

Fertilization
Potassinm*

In last year's report it was indicated that
K is the element that most limits cassava
vields in many soils. The importance of K
wis again demonstrated in Carimagua and
Tranquero. as well as in Jamundi, on an
acid, but relatively high base-status soil
(1974 Annual Report, Tuble 26, p.91),
Studying the effect of three sources of
K(KCI KCE+ S and K280 4 in Tranquero,
it was found that plants with the KCl
treatments had severe vellowing of bottom
leaves, indicative of S deficiency, at three
months of age while those with KCl+ S and
K 2504 applications remained green and
showed better plant growth. Sulfur content
of leaves, averaged over thice levels of
application, was 0.29, 0.30 and 0.37
percent for KCL KCl + § and K504
treatments, respectively, The S contents
were above the 0.2-0.25 percentlevel, given
as the criticals content for most crops: but
cassava may have an unusually high S
requirement as it was the only crop
showing clear S-deficiency symptoms in
Carimagua.

Figure 37 shows the vield response to K
applications in Jamundi and Tranquero,
In Jamundi there was a significant
response to the application of 120 kg
K20/]ha, but no significant differences
were observed between KCland K2SO4. In

* This and the next two experiments were part of i
PPhD thesis project.
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Figure 37, Response of cassava to the application
of several levels and sources of K in Jamundi and
Tranquero; harvest at 10 and 9 ]2 months,
respectively.

Tranquero  cassava  showed a large
response to applications of 120 kg K 20/ ha
as KCland 240 kg K20[ha as KCl + S or
K3804 The negative response to high KCl
applications could be due to g high leaf
NIS ratio of 17.2, as compared to 15,1 and
14.8 for comparable KCl + S and KxS04
treatments. In other crops NS ratios over
I5 are generally indicative of S deficiency.
Also, the high chloride application reduced
the uptake of sulfate by anion competition,
intensifying the S deficiency even more. A
direct toxicity of the chloride anion (as
observed in potatoes) is also a possible
explanation since the high KCl treatment
had a chloride content of 0.1] percent in
the roots as compared to 0.09 percent for
KCl + S and 0.06 percent for K:S04
treatments. The lack of significant
differences between K sources in Jamundi
was mainly due to ¢ lack of S response,
which is due to the higher S status of these
volcanic-ash icfluenced soils (7.8 ppm
available sulfate S) compared with the

Llanos soils (4.0-4.5 ppm). Yields in both
trials were high, particularly for the
Llanos, where a yield of just under 20
tons| ha was obtained,

NxK interaction

A complete factorial trial of three levels
of N by three levels of K was established in
Tranquero to study the interaction of these
important plant nutrients, There was no
response to N in the absence of K, but there
was a strong positive response to K in the
absence of N (Fig. 38)."Cassava vields with
no N and 300 K20 were nearly double
those obtained with no K and 200 N. Inthe
presence of K there was a positive response
to the application of 100 kg Nlha but a
subsequent negative response to 200 kg, In
the presence of N there was a strong
positive response to the application of 150
kg K20/ha (as KCI). but there was no
#dditional vyield increase with 300 kg
K20/ ha.

It appears that K is the main element
limiting vields, but once the K requirement
is satisfied, plants respond 1o a moderate

+
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lo . e nn e v e e, __.?:,...,,,v,. -
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Figure 38, Response of cassava to the application
of several levels of K and N in Tranquero: harvestat9
112 months,
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but not too high application of N.
Information in literature indicating that
high N applications increase leaf growth
but decrease root growth was not
corroborated in this experiment since leaf
area as well as vield were depressed by high
N applications in the presence of K. Root
dry matter production was highly
correlated (r = 0.97) with total dry matter
production.

Although yields increased, K
fertilization reduced the N content and
thus the protein content of roots
significantly; nevertheless, protein
yield | ha was increased. The application of
K reduced the Mg content of leaf blades
and petioles, possibly inducing Mg
deficiency, resulting in a yield reduction
with the high K treatments.

Magnesium

Since cassava plants grown in
Carimagua generally have a very low Mg
content in the leaves, a trial was established
to determine the significance of Mg
fertilization, using two sources and five
levels of Mg. Figure 39 shows that cassava
vields can be increased by 10 tons|ha,
applying 50 kglha of Mg as MgSO..
Higher levels of MgSO4weie detrimental,
possibly due to induced Ca deficiency. Ca
levels in petioles at 3 1| 2 months decreased

— i [
- o 1
25 , i
= MgSOs
= |
&
= 15
0

25 50 75 100

Mg application (kg Mg| ha)

Figure 39. Response of cassava to several levels of
applied magnesium using two different Mg sourcesin
Tranquero; harvest at 9 1|2 months.
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from 2.95 to 1.38 percent by high MgSOa
applications, MgSQO4 was a more effective
source than MgO because of its higher
solubility and the presence of sulfate,
which apparently is essential for optimum
cassava production in these soils. The yield
of 25 tons| ha, the highest obtained to date
in the Llanos, is very promising in view of
the fact that it was achieved after 9 1|2
months.

Lime x minor element interactions

During a previous evaluation it was
observed that most cassava cultivars
produced highest yields with applications
of 1|2 or 2 tons| ha of lime but showed a
strong negative response to higher lime
applications. At the 6 tons| ha lime level,
many varieties showed severe chlorosis and
deformation of the growing points, which
was attributed to a possible deficiency of
minor elements, Although the problem
was thought to be due mainly to Zn
deficiency, an experiment was planted to
study the interaction of lime with all minor
elements except Fe, which is abundant in
these soils. Within main plots with
applications of 0, 1]2, 2 and 6 tons| ha of
lime, subplots of minor elements (added
individually and in complete combination)
were established.

The effect of liming on pH and Al has
been reported before (1973 Annual
Report, p.211). The Chirosa varicty used
was intermediately affected by CBB; the
attack was less severe at high levels of lime
application. During the entire growth
cycle, plants did not show deficiency
symptoms, and there appeared to be a
positive response to the application of 2
and 6 tons| ha of lime.

Foliar analyses at two months (Fig. 40)
indicated that without Zn applications the
Zn content decreased from 72 to 38 ppm
with the application of 6 tons lime| ha.
With applications of 20 kg Zn| ha, the Zn
content decreased from 212 to 71 ppm. As
compared to other varieties, Chirosa had a
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Figure 40. The effect of lime application on the
zine content of cassava leaves with and without soil-
applied zinc.

high  Zn content; but  without 2Zn
applications its Zn content (38 ppm) was
deficient although it was not lowenoughto
produce deficiency symptoms., which
generally appear below 20 ppm.

Figure 41 shows yield responses to lime
applications with and without added Zn. It
is clear that without Zn there is a negative
response to the high lime application
whercas with Zn the variety responded

"'F‘T”!""’“’ NPK +7Zn 3
=
3 |
o
£ 8 ]
N L
0 2 6
Lime application (tons| ha)
Figure 41. Response of cassava to lime

applications with and without soii-applied zinc in
Carimagua; harvest at ten months.
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Figure 32, Response of cassava 1o minor element
applications atalime level of 6 tons! ha in Carimagua;
harvest at ten month,,

positively up to 6 tons lime! ha. This was
the only minor element treatment without
a vield reduction at the high lime level.
Thus. the negative response of cussava to
even moderate lime applications, not
observed in any other crop studied, is due
to induced Zn deficiency, to which cassava
is apparently very susceptible. Figure 42
shows the yield response to all minor
clements at the 6 tons|ha lime level,
indicating the relative importance of Zn
and, to a lesser extent, Cu and Mn. At the
lower lime levels, the response to minor
clements was smaller.

Nutrient content of plant parts

Table 36 shows the nutrient contents of
leaf blades, petioles and roots at various
times during the growth cycle. These
nutrient contents correspond to near
maximum yields in Carimagua; they give
an indication of what may be considered to
be “normal” nutrient contents although
these may vary to some degree accordingto
soils, varieties, climatic conditions and
fertilization.

N, P and S contents were higher in the
leaf blades than in the petioles while levels
of K, Ca and Mg were much higher in the
petioles. The petioles also showed a wider
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Table 36

Nutrient content of lesf blades and petioles in upper canupy and roots at various times during the

growth cycle of cassava plants grown in Carimagua.

Leat blades Petioles Roots
Months 2 4 6 2 4 6 10
N 5.60 4.90 S.00 .60 1.50 1.40 0.50
Py) 0.27 0.25 0.25 013 0.12 0,12 0.05
K (D) .80 1.60 1.50 KRt 280 2.20 .80
Ca (‘o) 0.60 0.60 0.70 1.20 1.50 1.50 0.04
Mg (7) 0.23 0.23 0.22 0.37 0.30 0.41 0.05
S0 0.37 0.34 0.14 0.13 0.05
Zn(ppm) 60 60 —

range for the latter group of elements and
thus were more indicative of their nutrient
status. Roots had a much lower nutrient
content than either leaf blades or petioles.
Most clemental contents decreased slightly
during the growth cycle with the exception
of Ca. Ca and Mg contents in Carimagua
were low compared to those on many other
soils and may have resulted in relatively
high K contents.

Economics of fertilization

Without fertilizer application, cassava
vields in the Llanos soils are extremely low
(5-10 tonsjiha). An adequate level of
fertilization would be the application of
500 kg ha of dolomitic lime; 100 kg N| ha
as urea, band applied at seeding and 60
days: 100 kg P20s|ha, band applied as
basic slag at seeding: 200 kg K»0, band
applied as KCI; 25 kglha of elemental
sulfur: and two foliar applications of Zn as
2 percent zine sulfate,

At current fertilizer and transport costs,
this amounts to about $4,500 in fertilizer
and $1,500 in transport costs or a total of
$6,000| ha. At current prices for cassava
(83| kg). the cost of fertilization can be paid
for by producing an extra 2 tons of
cassava| ha. With a potential yield increase
(due to fertilization) of at least 15 to 20
B-54

tons|ha, the application of fertilizers

seems economically justified.
Agronomic practices
Methods of fertilization

Comparing various methods of
application of a complete fertilizer
(broadcoast, band, circle and spot placed),
it was found that broadcast applications
were entirely ineffective in supplying
nutrients to recently planted cassava,
inducing excessive weed growth only.
Among the localized placement methods,
spot placement either in the stake hole or
I5 cm from the stake, as well as the single-
or double-interrupted band placement,
looked most promising at the early growth
stage. At two months of age, plants had
heights of 31 to 36 cm with localized
fertilization, as compared with 19 and 20
cm for the broadcast and check plots,
respectively.

Time and method of seeding

Inareas witha pronounced dry season, it
is important to determine the best time of
seeding in relation to the dry season.
Monthly seedings were carried out
between October and June, when the trial
had to be terminated because of CBB. In



Table 37, Yields of cassava planted in Cariinagua at
monthly intervals on ridges or on the flat;
harvest at ten months,

Yield (tons! ha)
Month of

planting Ridue Flat
Ocioher 171 IR |
November NGt 17.5
December 12,0 12.3
Jatitan s 17.7 144
bebruary e 8.9 20.2
March* 145 128
Apnl 9.0 5.3
Min 10.5 9.1
June 128 1.7

* One ol npahion at secding

** Low vield due to damage by pigs

Carimagua the dry season extends from
December  to March,  with highest
precipitation in June and July. The
January. February and March seedings
received one irrigation at time of seeding
since  soils  moisture  was entirely
inadequate for germination.

Best vields were obtained by seeding one
to three months before the onset of the dry
season or during the dry season when

irrigation was possible. 1owest vields were
obtained seeding two to three months
betore the wettest months when  high
rainfall coincides with period of high
plant susceptibility to diseases and root
formation coincides with a period of soil
moisture stress, Seeding on ridges was
better during the wet season plantings
whereas sceding on the flat was better
during the dry season plantings (Table 37).

WEED CONTROL

In the agro-economic survey conducted
last  year. bracken fern (Preridium
aquilinum) was found to he an important
weed in several cassava-growing regions.
None of the herbicides recommended for

‘cassava give effective control of this

rhizomatous weed. As a pestemergence
herbicide, asulam is reported to control
bracken fern; a trial was conducted to
determine its selectivity in two cassava
varieties. Applications of 2 and 4 kg| ha
were made over the top of 45-day-old
cassava or to the lower half of the plants,

The over-the-top application caused
severe initial injury to both varieties at the
high rate but only to M Colombia 137 at
the low rate (Table 38). There was partial
recovery from the initial effects when the
entire plant was treated. Spraving the

Luble 35, Tolerance of two cassava varieties to postemergence applications of asulam,

Infury rating*

M Col 137 M Pan o4

Asulam rate Part of plant treated 30 DAA*® 60 DAA W DAA 60 DAA
2 Lower half 1.0 1.2 0.8 1.3
2 Entire 52 s 33 3.0
4 Lewer hall 23 16 13 1o
4 Entire 7.3 6.0 7.0 6.0
Check 0 0 1} 0

Y Visudl scale where 0 = no mury; 10 = crop hilled

** DAANZ davs alter appheation



Table 39. Summary of three years' research on selective herbicides in cassava.!

Highly selective? Marginally selective? Nonselective!
alachlor butylate ametryn
benthiocarb chlorbromuron amitrole (post)*
hifenox CIPC + naptalam atrazine
butachlor diuron bentazon (post)
chloramben fluometuron bromacil
cyanazine linuron dalapon {post)
dinitramine methabenzithiazuron DNBP (post)
YNBP metribuzin DPX-1108 (post)
DPX-6774 oxadiazon DPX-3674
fluorodifen EPTC
FMC-25213 glyphosate (post)
H-22234 karbutilate
I1T-5914 M3NA (post)
methazole paraquat (post)
napropamide prometryn
nitralin tebuthiuron
nitrofen terbutryn

norea 2, 4-D (post)
perfluidone vernolate
pronamide

prinachlor

S-2846

trifluralin

3 Noinjurs 10 cassava even at four times the normal rate

Serious 1ajun even at the recommended rates

lower half caused only slight injury at
either rate. Therefore, where bracken fern
is a serious problem, directed applications
of asulam should be tested as a possible
control measure.

As a conclusion to the intensive
herbicide screening activities in cassava
which began in 1972, a large selectivity trial
was carried out. The recommended rate
and four times this rate were applied
preemergence in a medium-textured soilto
the variety M Colombia 113. Injury
observations were taken during the first
three months, and foliage and root vields

All herbicides apphied as preplant incorporated or preemergence treatments unless otherwise noted

Noingury at the normal rate but serious injury at double and quadruple rates

Postemergence treatments were applied over the top of young ca sava plants.

were taken ten months after planting.
Based on these and all previous trials, a
summary of the relative selectivity of
herbicides in cassava is presented in Table
39.

Twenty-three compounds were found to
be highly selective. These products applied
singly or in combination would provide
effective treatments for nearly all weed
species commonly found in cassava-
growing regions. In addition, the
marginally selective compounds could also
be recommended under most conditions if
applied correctly.
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Bean production systems

HIGHLIGHTS IN 1975

The Bean Program continued 1o developand consolidate in 1975, its second 1l vear of
operation. Priorities established alter an in-depth analysis of bean production problems
in Latin America emphisize: germplasm characterization and supply to national
Programs. assistance in documentation and training for Iatin American scientists: and
development of bean production systems which minimize the need for costly fertifizers
and chemicals. Stalf appointments in physiology and systems agronomys have allowed
considerable progress in these darcas i 1975, Following are some major highlights tor the
vear,

In the first full vear of bean hyvbridization, 85 parents were used inan intensive Crossing
program. A total ot 4.530 pollinizations representing 1, 266 difterent hybridizations were
made, with 35400 F and Faprogeny field tested.

High cxperimental vields were obtained in both bush and climbing beans, giving
promise of farm vields previously thought to be unobtainable in this species. I hush
beans, the maximum vield in replicated plots was 4.26 tons ! ha: in chimbing beans under
monoculture, vields consistently ranged between 4.5 and 5.5 tons!thg,

Virietal trials for bush beans continued in 1975, 4nd high vields were again common,
Screntists attending the Bean Breeding and Germplasm Workshop helped dev elop and
approved plans 1o establish an international series of vartety triads in 1976,

Nitrogen tination studies at Papayin showed rates ol fixation similar 1o those reported
tor sovbean. The ten varietios studied fined an average of 25 kg Niha over g 120-day
period.

An agro-cconomic study of major Colombian bean LrOwing areas was carried ont
giving important information on disease incidence ind sey erity. production problems and
seed storage and quality,

As part ol its new responsibility for coordinating Latin American bean cosearch, the
program organized conferences in 1975 1o discuss bean breeding. germplasm and disease
problems. The Bean Advisory Committee also met 1o FEVICW Program activitjes, Iwenty-
S$IX trainees, mcluding two PhD and three MS candidates, received traiming at CIAT,

There were additionally some changes in reseirch cmphasis within the progran.
Germplasm evaluation played a lesser role than in previous years while work with
climbing beans and maize-hean associations received more emphasis. Work on spider
mites - previously throught to be of major importance in Latin America was replaced
by studies on the Tarsomenis mite.
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ECONOMICS

An analysis of bean production
processes in four regions of Colombia was
begun in 1974 (1974 Annual Report). The
primary purpose of the analysis is to
provide details of the bean production
process that will be useful for establishing
prioritics in agricuitural research and
public policy. The data collection for three
regions, or departamentos,* was com-
pleted in 1975 and is being analyzed. While
some of the results presented here are for
a!l four regions, the discussion emphasizes
the Valle region --for which the data
analysis is most advanced.

Agronomic factors of hean production in
Colombia

Technology levels and bean yields

The 177 farmers surveyed are located as
follows: Valle. 31; Huila, 105; Antioquia,

* A departamento is a political sub-division similar
1o & state or province,

22 and Nurifio, 19. Beans are usually grown
asa monocrop in the Valle region, while in
Huila, Antioquia and Narifio, they are
predominantly grown with maize. In
Huila, some arca is also planted to beans
alone. Other cropping systems include
polatoes, peas or peanuts, Table 1 shows
the farm size, use of modern technology
and vields for the four regiorns. Valle is
characterized by relatively large commer-
cial farms, extensive use of modern
technology, mecuocropping and relatively
high bean yields. Narifo, on other hand,
consists mainly of small farms, with very
imited use of modern technology, mixed
cropping and rclatively low bean yields. In
Valle yields on small farms were only
slightly more than half the yields on large
farms. Table 2 shows that even within one
region, wide differences cexist among
cropping systems and technology levels
employed for bean production.
Differences are particularly marked in the
use of irrigation, certified seed, herbicides,
credit and technical assistance.

These findings would indicate that
research cfforts to expand and improve
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Table 1. Characteristics of bean production in four regions of Colombia,

Valle Huila Antioquia Natiio
Average farm size (ha) 48.0 25.2 4.5 14
Arca in beans (ha) 22.6 59 1.5 [
Percentage of farms using:
Irrigation 45 3 0 i
Certified sced 52 7 0 <
Fertilizers 94 24 100 U
Herbicides KX 0 0 7}
Insecticides : 87 23 64 10
Fungicides 97 10 59 ) 0
Credit 87 53 54 58
Technical assistance 71 30 3 2
Mixed cropping 0 7 100 Ys
Machinery 100 44 5 0
Bean yield (kg | ha) 906 683 509 347
Bean equivalent yield (kg {ha) 906 n.a* 919 763

* na.=not availabl,

Table 2, Selected characters for bean production farms of three sizes in Valle.

Farm size
small medium large
Average farm size (ha) 2.8 210 150
Area in beans (ha) 24 17.0 47.5
Percentage of farms using:
Irrigation 18 44 73
Certified seed 18 2 64
Fertilizers 90 100 100
In soil 40 66 64
~On leaves 60 78 100
Herbicides 20 3 45
Insecticides 91 78 91
(applicd by:) »
airplanc 0 2 64
tractor 0 22 27
backpack sprayer 100 89 - 64
Fungicides 100 100 100
Credit 73 89 100
Technical assistance 27 89 100
Mixed crapping 0 0 0
Mechanization 100 100 100
Bean yield (kg |ha) 683 896 1118
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productivity must consider the specific
preduction svstem and  region toward
which  the efforts are focused. New
technology for large-scale monocropping
iv hikeiy to be adopted rapidly by the Lurger,
more progressive farmers characterized by
the Valle region. Special etforts may be
needed to design and diftuse technology to
benefit small farmers typical of Narifio and
Antioquia.

Diseases and insects

Angalar leat spot. rust and bacterial
blight were common in all regions. Other
diseases were important for some but not
all the regions (Table 3). The vield impact
of some of these diseases is discussed in a
later secuion.

A large number of insect species were
found in the bean fields under observation
with Empoasca and thrips among those
most frequently found. The percentage of
farms affected by cach insect specios
differed greatly among regions (Table 4).

Soils

To assist in understanding fertilizer use
and yields, soil samples were collected on
cach farm of the survey. These samples arc
being analyzed for organie matter, pH and
fevels of caleum, magnesium, phosphorus
and potassium,

Plant population and seed loss

The average plant population 30 days
after planting was estimated to be 387.000
plantsiha in Valle. Plant population per
hectare tended to be higher on large farms,
A considerable loss of seed or seedlings
oceurred during the first 30 days after
planting. Ustablishment losses of 50 and 32
pereent were found on small and large
farms, respectively. The causes of such
Lirge Tosses are being studied.

Psing production function analysis and
with current seed prices at US $700] ton,
the optimum plant population was es-
timated at 419,500 ptants! ha, and max-

I'able 2 Percentage of bean farms in four regions of Colombia w here diseases were ohserved during either of
o visjts,
Repon
Valle Hula Antiogug’ Narifod

Visits, ] 1 | 1l ! 11 i I
Angular leaf spot 74 100 7 TN 91 91 RN I
Rust 94 Y Al H 41 08 26 16
Bactenal blight 55 %4 40 77 [} Y 53 79
Gray spots 0 3 44 63 HX N2 63 53
Anthracnose [t} (] 30 51 Kb 100 17 42
Flowery spots 0 0 1! 72 73 04 10 47
Powdery mildew 0 0) 6 2 hf] 6K U 0
Virus 10 19 21 6 0 0 21 1
Root rot 39 3 19 | S Y Ry 5
Leaf spot [t} 0 21 11 14 9 16 b

! Crop season RO-100 davs Vot 1 20-%0 dayy after planting. HSO 60 das alter planting

Crap season. 8- 120 davs Vit 1) 30-50 davs ahter planting. 11,
! Crop scason 120-160 davs Visit 1, 6450 divs after planting H,
4 Crop season. He1H0 davs Vasit 1 W40 dave alter planting, |

M9 s alter planbing
WU i s after planting

L6370 e <atter planting



Tabled, Percentage of bean farms in four regions of Colombia where insects were observed during either of
two visits.

Region
Valle Huila Antioquia Narifio
Visits: 1 I ] 11 I I 1 1l
Insects attacking
seedlings:
Cutworms 13 0 14 4 0 0 0 0
Crickets 13 0 1 0 0 0 0 0
Sucking insects:
Aphids 32 6 56 77 18 14 3 53
Thrips 39 36 79 70 36 36 68 63
Stinkbug (Nezara sp.) 0 6 0 2 9 0 5 0
Empoasca sp. (adults) 6l 97 87 85 68 64 68 9
(nymphs) 36 87 78 83 64 77 63 95
Whitefly 62 26 42 38 36 0 47 26
Gargaphia sp. 0 0 14 30 0 0 0 0
Leaf miners:
Agromyza sp.,
Liriomyza sp. 26 42 60 57 0 0 58 32
Hemichalepus sp. 0 43 55 30 68 55 47
Leaf feeders:
Estigmene sp. 13 13 3 6 - 5 0 0
Trichoplusia sp. 0 55 16 39 14 45 5 0
Hedylepta sp. 6 16 7 32 0 0 0 0
Urbanus sp. 0 3 9 4 0 0 0 0
Spodoptera sp. 3 3 0 0 0 0 0 0
Chrysomelidae 36 52 12 7 32 0 53 16
Pod damaging insects:
Heliothis sp. 0 16 0 10 0 0 0 16
Trichoplusia sp. 0 32 0 30 0 0 0 16
Maruea sp., Epinotia sp. 0 48 0 52 0 59 0 5
Dipterons 0 0 0 8 0 23 0 26
Stemborers: 0 0 I 0 82 59 0 0
Mites:
Tetranychus sp. 0 0 16 48 0 0 0 0

imum production was estimated to be Labor use

obtained at 486,600 plants| ha. Increasing

the plant population to the economic Figure 1 shows estimated labor use in
optimum level at current seed prices was bean production in Valle by production
estimated to add 14 kg| ha to yields. activity and farm size. Bean production in
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Figure 1. Labor use in bean preduction by activity and farm size, Valle, Colombia, 1975,

the region is highly mechanized, hence
labor use is low relative to other regions.
Weed control and cuitural practices
account for about half of the total labor
use. The amount of labor used in the
production process is higher for small than
for large farms and is particularly
pronounced for weeding and cultural
practices because fewsr small farmers use
herbicides. Labor use for pest and disease
control also differs because large farmers
use tractors to apply insecticides and
fungicides while small farmers tend to use
backpack sprayers,

Economic factors of bean production in
Colombia

Production costs and returns

Table 5 shows estimated variable costs
by production activity and farm size. The

cost of seed and planting accounts for
about 25 percent of total variable costs,
followed by discase and pest control (206;)
and land preparation (15¢7). A con-
siderable cost difference was found among
size groups of farms. Total variable costs
on small farms were estimated to be US
$233{ha and for large farms, US $328| ha.
The cost differentials among farm size
groups were due primarily to the quantity
of fertilizers, insecticides, herbicides and
fungicides applied, and to a lesser extent,
to differences in harvesting costs caused by
yield differences.

Table 6 shows estimated gross and net
returns from bean production in Valle
dguring the survey period. As farm size
increased, yiclds, total costs and net
returns increased. The benefit]cost ratio
increased from 1.15 for small farms to 1.45
for large farms.
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Estimated variable costs of hean production on three farm sizes, Valle segion, Colombia, 197475,

Farm size

small medinm large
(USS [ ha) ) (USS ki (‘0 (USSTha) ()
Land preparation %7 14.5 16.57 170 42,70 13.0
Seed and planting 67.57 290 0:.00 RN 67.57 2.6
Fertilizer and application 17.37 7.5 2213 .3 24.490 74
Irrigation, drainage - - 147 1.2 557 1.7
Cultural practices and
weed control 36.67 15.% 30.63 . 170 9.4
Disease and pest control 38.33 16.5 §7.50 200 9.0 226
Harvesting 1583 6.8 21.67 79 4827 13.8
Other casts PRWX] Q9 30.47 1.1 RERU s
Total 23287 100.0 274.24 100.0 RREIRE] it

A production function analysis was
conducted to determine the optimum levels
for variable costs (excluding harvesting
costs) and yields per unit of land*. 1t was
found that the current level of vartable
costs, (US $251.77] ha) was optimum for 4
product price of US $533[ton. At the
average price received by farmers of US

* Harvesting costs were excluded from varizble costs
in the production function analysis because they are
determined by the yuantity produced and not viee
versa, Hence, since harvesting costs are fived per
unit of output in the region, these costs were
subtracted from the product price in the marginal
analysis,

lahle 6.
75.

$550] ton, net returns would be maximized
at a variable cost of US $260] ha. which in
feturn would increase vields by 18 ketha
and net returns by US §1.27} ha.

Prices received by the survey farmers
ranged from US $400 1o $720 ton. At these
prices. net returns would be maximized at
variable costs of US $152and US $326] ha.
respectively. Before planting. reputable
private  companies offered the farmers
contracts with a guaranteed price of US
$583/ton. Less than one-fourth of the
farmers accepted such contracts, Ap-
parently at the time of planting, farmers
expected future prices for beans to be equal

Estimated economic results of bean production on three farm sizes, Valle region, Colombia, 1974-

Farm size

small medium large
Yield (kg ha) 683 896 1118
Value of production (LSS ha) 366 308 026
Total costs (USS ] ha) R1¥) 352 432
Net profit (USS ] ha) 49 156 194
Benelit|cost ratio -1.15 144 1.45
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to or greater than the contract pric, and
thitt this price would form the basis for
decsions on minimum levels of inp it use
and variable costs. At the contract price,
the optimum varble costs were estimated
to be US $2770ha. Hence, it may be
voncluded that the survey farmers invested
shightly less than the optimum amount,
whether the actual average or expected
minimum prices are censidered. However,
given the risk and uncertainty associated
with bean vields and prices, itappears that
the farmers were as close to optimum
imvestment levels as could possibly be
expected.

Sources of yield losses

A production function analysis was
carried out to estimate vield losses caused
by selected factors. Table 7 shows the
estimated vield loss from cight factors
assuming a totally affected Jot. Also shown
is the percentage of the total hean area
affected and the total loss to the region.
Assuming constant prices, i.e. an infinitely
clastic demand. and using average prices
received by the survey  farmers (US
$550{ton), the loss to the region due to
adverse ranfall conditions and lack of
water control was estimated to have been

almost US $1.2 million for the crop eyele
beginning in October,  1974* The loss
caused by rust was estimated at slightly less
than this. The presence of bacterial blight
reduced average regional vields by 137
Refha and total regional production by
about 1.700 tons. Other important factors
hmiting  vields were  the  presence of
Empoasca and angular leat spot. Certified
seed was used on 89 percent of the area.
The potential gain from using certified seed
on the remainder of the arca was estimaied
to be US 0.5 milhon. The potential gains
from optimizing variable costs and plant
populations were guite small.

The estimates presented in Table 7 are
gross rather than net losses. To obtain net
losses, costs and  secondary  benefits
associated with reducing or eliminating
fosses need to be estimated. Finally. the
estimates in Table 4 should be interpreted
with caution because of their preliminary
nature. the small number of observations

TSt whmestall the black beans prodoced e Valle
arc exporicdind since the quantty sccount: tor a
s propottion ol total supphies in the markets to
where s exported, the sumption of intimiteh
chvie demand s probably vahd tor the ity

consdered here

lable T Estimated losses in bean production from selected factors. Valle region, Colembia, 1974-75,
st loss in

totalls aftected Lot Arca Bt Toss, Valle

e — altected
Factos (ky ha) (e (7] (hp i ha '} {tons) Value

(Ussoom®

Adverse raintall 416 REI) 42 175 16.2 2. 16n8 1.192
Rust 307 253 56 172 16,0 2130 1171
Bacterud bligin Tatal Hro 12 137 131 1.697 943
Empoasca 1S 25K 15 110 HLX 1362 49
Angular leat spot 53K 375 1S LY X.2 1063 452
Certitied seed 186 17.0 41 76 77 RN 517
Virnble costs - - - % 1.9 223 123
Plant population - - - I4 1.5 171 vs

* Percentaye based o estimated averape ackd poas ettt foes

*0 Eatmated vatue of egionai oes st Canstant prices of TSSS8) 1y,

i o the particalar facrar
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and the severe difficulty in separating the
effects of the various factors influencing
yields.

BREEDING

Hybridization program

Hybridization among promising selec-
tions in the bean germplasm bank beganin
1974 using ten progenitors (1974 Annual
Report). In 1975, the number of
progemitors was increased to 85, widening
the number of characteristics being sought
and greatly aceelerating the hybridization
program By October of this vear, 4,530
pollinations representing 1,266 different
hibridizations had been completed. Dur-
ing tha program. the overall efficiency of
polination rose trom the 31.5 percent
reported Last vear to more than 50 percent.,
This is discussed more in the next section.

Two cycles of intensive crossings have
been completed. From the original ten
progenitor materials, 23 F» single crosses
and 51 Fy double cross populations were
developed. These materials were field
grown this year and 27 bulked nopulations

and more than 450 individual plant
sclections made. While it is premature to
talk of firm yield figures based on low
density plantings, two results deserve
comment. (1) P459 proved an excellent
parent. All outstanding F double cross
materials included this selection as 2
parent, as did cight of nine F» mass
selections  from single  crosses.  (2).
Preliminary vyields in the double Cross
progeny were, in general, considerably
higher than in those from single crosses,

Table 8 shows the parental materials and
characteristics sought in the second group
of crosses. Emphasis here was on es-
tablishing base populations which united
different sources of genes for quantitative-
v inherited  characteristics, .. rust
resistance, common  bacterial blight
resistance and vyield. Combining simply
inherited features such as common mosaic
resistance  in - prominent commercial
varieties is also stressed. Further crossing
and evaluation of hybrids will continue in
1976.

The bean team as a whole, aided by
discussions at the breeding workshop in
October, devoted much time to developing

Table s, Breeding groups and crosses made for genetic improsement in £ vulearis, CIAT, 1975,
No. of
Crosses Groups of desirable factors under breeding
1o Sources of tolerance (5) to common bacterial blight ( Xunthonmonas phaseoliy and high vield
potential
183 Sources of tolerance (6) to web blight ( Thanatephorus cuctmerisy and high vield poteatial
143 Sources of resistance (5) to common moside 3 irus (Marmor phaseedn, high vield potential and
commercul varieties of Latin America
118 Saurces of tolerance (14) to leat hopper ( Empoasca Kraemeriy and ligh vield patential
96 Sources of resistance (6) to rust (Lronvees phascold) and high vield potential
13 Sources of resistance (2) to vellow mosaic and commercial varieties of Chile
A7 Sources of talerance (2) to golden mosaic and commercial varieties of Hopduras
3 Saurces of resistance (1) to angular leaf spot (hariopsis griseola) and high vield potential
488 Combination of physiologic characters: late flowerina (3), insensibility to photoperiod (3), stability

in growth habit (3) and high vield potential,




a methodology for improving and dis-
tributing new lines of Povudgaris. 1t would
appear thatin the short term., much can be
achicved  stressing simply inherited
churacters such as resistance to common
moesawe and anthracnose, and combimimyg
fese into better commercial varieties, This
hould be achwevable by single cross
hibradizaten to mcorporate disease
rusistaies Coupled tos backeross program
v desirable seed characteristios.
e quantitatively  inherited
teristies, for example tolerances to
on hacterial bhight, leathoppers or
solden mosate virus, and incorporating
these into high vield backgrounds will
prove much more ditficult. Recurrent
selection procedures like those shown in
igure 2 for Empoasea seem highly
sppropriate. Here mtermating and selting
sould both be practiced. with siblines
tosted first of ali tor Empoasea tolerance
cA-tactory and later on tor vield (B-factor).
Foen heresindividual disciplines will have
to give high priority to developing sereen-
i procedures which permit distinetion ot
rebatively small ditferences in resistance or
_‘.IL‘M fevels,

Hybridization techniques

As stated earhier, pollination efficiency
wis only about 32 percent in 1974, To
improve this rate. a study to evaluate
crossing methodology was begun this vear.
Crosses were made in g sereenhouse
without envitonmental control using P4
and PS5 as female and male parents.
respectively. Among the tactors studied
werer (1) use of pd-chlorophenoxyacetic
acid to prevent absciscion of pollinated
tlowers; (2) placernent of wet cotton
around the pollinated tlowers: (3) time of
pollination during the day; (4) removal of
all flowers not to be pollinated: (5) the need
for repollination: and (6) time of emascula-
tion relative to pollination,

The results are shown in Table 9.
Maximum efficiency of 81 percent was
achieved using the hormonal applications,

making the crosses up to  midday,
pollinating only one flower per raceme,
and  removing all flowers not being
polhnated. Using the wet cotton around
the tlower increased lower abscission, as
did any sitwation which permitted competi-
tion for nutritients between the fertlized
flower and other tlowers on the plant. The
non-significant mncrease i elticiency from
repotlinating does not appear to be prac-
tical.

Inheritance studies

Bean  breeding  tramees are directly
participating ima series of stadies to obtain
imformation on the imheritanee of main
limiting production factors,

In rust resistance studies. two indepen-
dent |2 populations were evaluated in the
field by the use ot o local inoculum. The
sources of resistinee were PR-S(PS0X) and
Cacahuate 72 (P569). As shown in Table
10, both studies indicated that resistance
was dominant and simply inherited.

A genetic study of cammon bacterial
blight  tolerance  was done  in the
greenhouse with the resistunt line Tara
(P567) und CIATs C-6 inoculum. The
average reaction of the foliage to the
bacteria s shown in Jable 10, The nature
of the disease reaction was quantitatively
inherited and showed additive gene effects.

GLERMPLASM

Evaluation and documentation of the
CIA'L holdings of P vulearis and related
species continued 10 1975, Major activities
have been in four arcas of work.,

(1) The germplasm bank includes ap-
proximately 1800 accessions tor which
only very limited numbers of sceds were
supphed. These  materials have  heen
planted in the screenhouse to minimize loss
of individual accessions, and will be field
screened in 1976,
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Generations

Progenitors
I (Pp
Selective crossing
Fy simrie crosses
y
I plants
" Selfing
Fa seed 'iS| (A faclorjl
Best selections Jouble crossings
First breeding (P2)
Ll phase based Selective crossing
on simple crosses Fi seed
r
F) plants
v Scifing
Fa seed .l S1(A lactor)l
Best selections Sib-crossings and
v First breeding new sources
phase based on (Py)
double crossings F) seed
Fy plants
vl Selfing
F 2 seed o{s. (A factor)
Best selections Sib-crossings
from the first and new sources
vil cycle of recurrent (Py)
selection F, seed
~ ete.
Fi plants
Vil Selfiag
Faseed
Best selections
from the second
cvele of recurrent
selection
mong

Figure . Recurrent selection process for genetic improvement of £. vudgaris to obtain combinations a
two polygenic factors from an ‘nitial 10-15 progenitors, CIAT, 1975,
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Table 9 Effects of several rreatments for increasing the crossing efficiency in P vulgaris, CIAT, 1075,

Ffiiciency Mean temperiture Mean rel. hum,
Freatment 0 ("¢ (<)
Huormone* LI RY 30 54.5
Hoatmone + wet cotton woul 10 0.0 hRX
Vo cotton waool 620 294 524
Coos 74.0 29.1 574
- petination (with
cocompetition effeets) 63.3 RN 98.2
Repothinanon atter 24 hr 66.6 24.6 98.2
tresence of other Howers
a1 palanation 40.0 24.0 9%.2
hnated tHowers
aceme 383 9.8 85.1
~audation and then pol-
Gnation atter 24 he RIS 5.3 96.1

. pchlorphennvacete aod

Table 10, Inheritance studies of resistance to rust, Lromyces phaseali, and tolerance to common bacterial

blight, Nunthomonas phaseoli, in P. vulgaris, CIAT, 1975,

Observed data Culeulated (3:1)

Generation Resist. Susc. Rasist, Susc. X P
Rust inheritance

Py (1P459) 20

P, (P569) 20 -

F, 4 -

[ 126 49 13) 44 0.840 .50-.30

|’| (1°56%) 20 -

P, (P459) - 20

F 4 -

I 171 73 1X3 6l 3.147 A0-05
Blight inheritance

) _ Diséase reaction No. of Mean reaction to

Gieneration 2 3 4 phints the disease

P (P459) AT | ] 4.00

Py (P567) - - - K 1.00

Fy | - -3 4 1.5

t, 33 3% 45 3 139 2.4
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Table 11. Characteristics determined for P.

vulgaris germplasm, CIAT,

1. Days to emergence 19. No. branches with pods 36. Root roty

2. Plant vigor 20. Branch angle 37 Cygmmon mosaic Virus
3. Hypocotyl length 210 Seeds|poo IR Golden mosage Virus
4. Hypocoyl color 220 Seed shape 39, Chlorotic more Vit
5. Leaf size 23 Major seed color 40 Bacterial blight

6. AL 24 Secondary seed colos 41, Empoasca

7. Effective plant height 25 Seed gloss 42, Apion

K. Node number a1t tlowering 20, Seed weight 43, White fly

9. Node number at maturity 27, Yield | plant 4. Red spider mite
10 Days to Hower initiation I8 Harvest index 35, Tropical mites
L Duration of flowering 29, Total dry mater 6. Zabrotes
12, Flower color 30. Degree of lodging 47, Bean weevils
13. Sensitivity to photoperiod 3L Yield trial ranking Other characters:
1. Growth habit Resistance to: 48 Rhbizobium citicien,
15, Plant height 32, Rust 39, Other reterences 1 aecession
16, Stem widih ixed see
17. No. racemes per plant A Angutar leaf ot j(: :-?::t,d:ffdd
8. No. pods per plant M. Web blight ;1» S L...- .v -

5. Anthricnose I dpecies

(2) In 1975 it was decided to increase the
number of descriptor terms used for the
germplasm collection from 26 1o 52, The
complete list of descriptor terms is shown
in Table 11. The additional data needed is
being collected from new field plantings of
2,000 accessions per semester. Data for the
accessions in now maintained on tape, and
is being adapted for use with both the
EXIR and SAS data retrieval and analysis
systems.,

Table 12, Variation of specified characteristics
among 2.216 accessions of 2 vielearis
evaluated at CIAT, 1975,

Days 1o emergence 5 - 12 days

Davs to Howering 29 - 72 days

Plant height 22- 220 em
Ricemes per plant 1-29

Pods per raceme -3

Pods per plant RIS )

Seeds per pod 2-10

Seed weight 12 - 58 g 100 seeds
Seed weight per plint 1-37g

Days to harvest ol - 110

14

(3) To date more than 700 selections
have been made which show promise in
one or more attributes. A catalogue
describing these promising materials is
being prepared and will be available carly
in 1976. In addition, the catalogue will
describe the frequency and variation for
particular characteristics in the toti
germplasm  collection. The ranges for
certain characters are shown in Table 12,

(4) The germplasm bank 1s continually
receiving and shipping seed. In 1975, 1,105
New accessions were recejved. principally
from Mexico and Central America, while
samples of 2,832 accessions were forward-
ed to other centers.

PHYSIOLOGY

Growth and development studijes

The varicties ICA Guali.  Porrillo
Sintético and Pl 310740, representing

plant types 1, 1l and 111, respectively, were



analvzed exhaustively in 1975 to better
understand P, vulgaris  growth and
development processes  under  tropical
condittons. The experiments were con-
ducted at Palmira at a density of 30

adeguate protection from insccts and
diseasvs.

Key growth pavameters for Porrillo
Sintético are shown in Figures 3and 4. Dry

rhntsim® with furrow irrigation and  matter production reached a maximum of
Fotal dry matter ~
400
300 Flowering
ar
&
=
E Leal area index
o Bean dry matter
MO 20 ieds of / /
eriods o [ : :
Period | Period 2 Period 3
o shading _’L l
g
E:
— /
/
100+ 1.0F / Pod wall dry
// matter
Y
/ //
!/
't // \\
/
/ ;{ \
///’ \\
0 A7 1 L | L ! N !
f 10 20 30 40 50 60 70 80 90
Emergence Days from seeding Harvest
Shading periods refer to those in Table 14, p. C-19. malurity

Figure 3. Key growth parameters for cv. Porrillo Sintético a

irrigated and protected conditions at CIAT, 1975A.

t a density of 40 plants| m?, nnder fertilized,
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- 350 [— Pods{m? 2.5 ¢m)
600 - 300 |~
Nodes|m?
Rate of node production
500 - 250 - IR nodes) m?| day —— o /
&
Z 00F E 200
Ped -
2
W~ sl o g E 2
] 85 & 22 .z
S T 3y F:F 5
] << 35 E 2 FFEZ
200 - 100 +~ . = Lo NP~ o
Growth stages T2
Periods of shading | Period i ’ Perind 2 Periog 3 ,
100 - 50 ~ f
0 1 1 1 1 1 1 i I
0 10 20 30 40 50 60 70 30 90

Days from seeding

Figure 4, Node and pod density variations in relation to growth stages forov, Porrillo Sintético for same crop

shown in Figure 3.

450 glm® and declined as leal fall
accelerated after a maximum green leal
area of 3.0 m2|m2, Crop growth rate was
virtually linear from 20 (o 60 days from
seeding with flowering occurring at 38 days
and physiological maturity at about 80
days. Node production continued wellinto
the flowering phase and reached a max-
imum rate at preflowering of 18 vegetative
nodes produced|m?|day. Pod abscission,
even under the excellent growing con-
ditions at CIAT, was severe during the
bean development phase.

C-16

Flower  production  and subsequent
development was mapped on represen-
tative plants of each variety as shown in
Figure 5. The pattern ol “flower”
(pods << 3 cm) uand “pod™ (=1 c¢m)
abscission is summarized in Table 13, In
the determinate variety 1CA Guali, with 4
maximum of eight nodes on the miin stem
at flowering, flowers horne directly on
nodes 7 and 8 all abscissed as did flowers
which formed late in the flowering process
on lower branches, The same pattern of
abscission was evident in the indeterminate
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location of mature pods in
location on main stem (MS) or branches (B) fur three varieties of bean with three growth habits, CIAT (1975A).

Dravs atter tirst tlower

relation to the time each bud opened. and pod



Table 13, Summary of flowering and pod abzcission data for three varieties of P. vulgaris, CIAT, 19754

ICA Porrillo

Variety Guali Sinlético Pt 31074

Growth habit ! I N
Total number of flowers [ plam 37 39 kY
Pods abscissed <3 ¢m 2i 20 13
Pods abscissed >3 em 7 5 9
Mature pods | plant 9 14 17
2od set cfficiency (1) 24 36 44
Flowering period (days) 18 19 17
Period (A) for first 60%¢ flowers (days) 4 10 10
Pod set cfficiency during A (¢;) 36 60 70
Period (B) for final 40, flowers (days) 14 9 7
Pod set clficiency during B (%) 7 0 6

varieties but in addition, abscission was Analysis of the total soluble car-
evident on main stem nodes produced after bohydrates in the main stem is shown in
flowering. Pod set for all varieties was Figure 6. The pattern of carbohydrate
significantly higher in the first-formed storage was strongly related to growth
flowers, the extreme case being Porrillo habit with ICA Gual; showing more than
Sintético where flowers that formed during |2 percent total carbohydrates (starch plus
the last 16 days produced no pods at all, sugars) during the postflowering phase. By
Clearly. flower and pod abscission is an contrast, Trujillo 3 (a Type 1V variety

area needing major research emphasis. included in this analysis) showed a relative-
—_
15 p
L o ICA-Guali Type |
I | a Porrillo Sintético Type 11
5 | A PL 310740 Type 111
%: o Trujillo-3 Type IV
z F Flowering hegan
.g 10 P Significant pod filling began
=
bt
E
kT
s
‘3
=

1§} I8 25 12 0w 46 53 6 67 4 gy 88 95
Days after emergence
Figure 6. Total main stem carbohydrate (anthrone method) in four varieties of P. vulgaris (Types 1-1V) in

relation to days from emergence at CIAT (19754, Initiation of fiowcering and significant pod filling shown for
each variety,
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Iy censtant and very low carbohvdrate
fevel at ail growth stages. Carbohydrates
decreased  rapidly  in the  determinate
variety only when significant bean fiihing
had  commenced. It unlikely that
photosvnthiate stress per se is the direct
catse o tlower abscission in this variety .

I

~ource-sink manipulation

A series of experiments with Porrillo
Sintético involving shading (481 mntereep-
tion): carbon diovide fertiiization, leat
thinning and photoperiodically induoced
extension of the preflowering phase, were
used to alter the development pattern tor
the different growth stages shown in
Figures 3 and 4. Shading (Table 14
reduced vields in the pxcﬂmurmu-H to
days before flowering) und Howering (0 to
=14 days) paases cqually. Yield reduction
during preflowering was associated with
reduced node density and a subseyuent
decrease in the number of potentiid
racemes. Shading during flowering did not
affect node production but was associated
with a lower number of racemes, Yield wis
not reduced by the posttlowering (1410 -
28 davs) treatment indicating  that
pretflower node production and pod set
citicieney in the flowering phuse were the

main factors controlling vield potential in
this crop-cavironment situation,

Leafl thinning (Table 15) in the late-
fowering (+13 d.n\ from flowering) and
bean filling (+22 days) periods reduced
viclds signihicantly, but considering the
severnity of the treatment, vield reduetion
Was not great. Inthis case. vield reduction
wis associated with lower mean  hean
weight, as would be expected when a me or
proportion of the leal system is removed
during the peciod of active bean filling.

Applving  carbon  dioaide  to field
cunopies to alter source sink batance has
proved an excellent physiological ton? in
other crops. Preliminary studies in which
CO>was applied pretlowering inercased
viclds 19 pereent. This will be further
studied in 1976,

When the photoperiod sensitive variety
Porrille  Sintético wis grown  at
photeperiods ranging from 13-19 hours,
Howering was delaved by up to 6 davs with
a consequent 71 percent vield inerease., to
I8N kgsha (Fable 160 This increased
sieldswas associated with w26 pereent
mereise in node dunsn\‘m at flowerimg
and w58 pereent increase in Ginal bean

Tablo 14 Effect of shading (48 . interce ption) during three growth stiages onvieldand associated parameters
of v, Porritlo Sintético, CIA L, 1973y
Grrowth stage
Pretlowerning Flowenng Postttowening
Patameter Cldtabyrr (o Ly (RN B R TR
Grain vield K2 43 yl2
Potal div matter 9.7 3 937
Harvest index 97,1 924 969
Riacemes:me St.4 780 8K .4
Pods K1.2 811 0.2
Beans ipod 95.2 Y0 | 94.0
Bean weight tmip bean) 9.5 99.0) V6.5
Nodesim® 79.0 Y%.0) 920
Racemes m? K00 750 &84
v Dt enpreved L percentare of nonshigdid Control plot vt control veid was M08 o 114 poreent mensterey
St ke S peent Al plins b ol et one o
C-19


http:deLermin.te

lable 15, Effect of leaf thinnin

Sintético, CIAT.*

£ at three growth stages on yield and associated parameters of cv, Porrillo

Bean
Time of vield No. of Bean wi Bean we,
thinning (gim’) pods fm? (gipad) (mgibean)
Control 274 (100) 236 116 228 (100)
Dray 0+ 222 (KD 213 103 205 (90
Day 13 152 ( 55 174 0.0 IN2 KOy
Day 22%0s 181 ( 66) 220 TN i 78)

o Mean ol treatments with 1Y o6 and T percent of teaves remn

O das 080 pereent of phants hyve gt o st Houg,

voe Bean tlling commenced o day 14

density per m?. Total drv matter produc-
tion and bean size also increased. The rate
of vegetative node production during the
extra six days before flowering was 19.3
nodes|m?|day. a rate similar to that for the
normal preflowering development phase.
The increased pod set appears to be due to
decreased abscission, particularly on those
nodes (on main stem and branches) which
normally would have been produced after
flowering. The results of three treatments
applied during the preflowering phase are
summarized in Table 17. These data

Table 16.
Porrillo Sintético, CIAT, 19754,

Effect of photoperiod contro! of the preflowering phase on vield and other parameters

sed at o eh sy

confirm the importance of meres
structure by the time flowering cone.
mences. An increase in the lenpth o ¢t
preflowering phase could be the moat ripnd
means to achieve improvement.

cod e

Yield potential in a wide range of
genotypes

Physiological data was taken on 193
genotypes representing all four growth
habits (Type IV varieties supported on 2-
meter trellis). A correlation matrix show-

of ¢y,

Photoperiod Control

16 hr 30 min. 16 hr 30 min 12 hr 30 min®
Parameter (1-4 m) (48 my!
Yield (kgfha, 146 moisture) I8 (171 053 (154 LO7S 1oy
Days 1o flowering? R 35 R}
Days to physiologicat maturity! 75 7l 08
Days of postflowering 36 6 15
No. of nodes | m? flowermg 560 (126) 473 (lom 44 (lom
Bean weight (mg | beany 22 (on 168 (105) 160 (100)
Bean nofm: 1693 (158) 156l (145 1070 (1o
Dy matter ) m-, maturin® 498 488 177
Harvest indey 0.58 0.54 0.45
Bean vield ctheieney (pim: [ day) RIS 369 2,50

Dstance from bine of Humnmation
Notmabdasengeth Pabimagg 4\

Davs trom cmeirence (planting L emepcnce was Y dass)
' Dy mustier bosa

Fachuding petiohes nd leas e al matunt
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Table 17.

Effect of three preflowering treatments on vield and associated parameters of ov.

Porrille Sintétice

at plant density of 30-40 plants | m?, CIAT, 1975A¢

Yield (gim?)

Nodesom’ |’|l(’\:l||-'

Freatment Control Freatment {0 ot controb) (* ot control;
CO L fertilization? 207 100y 2SN Hy 97 (N
Shading? 222 (loin 171 7N ™ Nl
Extension of period? 198 (1) 3 (1Th 126 158

Protlowenng petod 3% dins emergenee to thewenny
SO0 P applind for 2 weehs pren o tloweting
Stuadimg 138 0 fae 2 wecks pros to Howeray

‘ Tenir 30 min photopcaod appiad emopratoaenng

ing the interrelations of a wide range of

characters is shown in Table 18, These
results are further evidence that node
density (in this case measured at maturity)
is the first sequential determinant of vield.

Fable I,
CIAT, 197481 2

[A AN IESTIN

Ihe positive correfations of node density
with raceme density and bean density and
the nonsignificant relationship  between
node density and other pod characters, i.e.
podsfraceme  and  bean numbcrl nod

Correlation matrin of hean yvield and other parameters for 193 varieties of four growth habit

m’
pad

ok z . g £ =
=, .z I3 P o=z % : 1 g
i 0z Sz £ 2 S =z = =z = = Z
S % ¥z o3 oz 2 * oz % 0z 5- 4
= LOZE oz g = = - Z ? = 2
F = ozu F Z z = 3 z z T &
= 2 2E 7 < = E 2 = = = =
Bean vield im? 0 6421 42 63 04 {6 I8 LIV S % SR (4
Pod density {m? 0 29 51 sy L0 R A A | L [ I K
Bean density i m? -56 41 23 N IS 66 S 0l ey e
Bean weight tmg i hean) 00 <04 3 L (K B I 1
Naode densitvim? Pl SRS RN {1 L A | I
Raceme densiny [ m? o005 L1 I I R 1T (R (L S A |
Pod number fraceme =27 X 1K) s
Bean vield i pod 07 -3 R X |
Bean number { pod d4 02 2 -0l
Pod wall weight fpod 47 40 -4
Pod wall ratio? 02 606
Total dry matter{in” 07

Mean of two replications. plot size |y 2 meters
Iype IV vanicties supported on 2-mater teily
Values underimed ire significant at P= 008

‘ Poe wall wepht Hotat pid weight



suggest that node numbers can be in-
creased without negative compensations in
other yield components formed later in the
Sequence.  The negative correlation
between bean density and weight (-0.56) or
pod density and bean vield per pod (-0.28)
suggest that postflowering photosynthate
limitations could be limiting yield potential
in those varieties with high sink size, i.e.
pod density | m2.

The strong positive correlation of total
dry matter with yield (0.94) and the rather
poorer correlations with harvest index
were also apparent last year. Increased
node structure and leaf area obviously lead
to increased dry matter production,

P
Growth habig
e |
e Il
sk e °
o]V
Density: o
3 nlantel el
22 plants{m? o
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Figure 7. Bean yield of 26 varietics of P vulgaris

When yiclds of 26 varieties were com-
pared there was a strong relationship
between node density at flowering and
bean yield (Figure'7). Only three bush
varieties with high node density did not
follow this trend. In this experiment, vields
were high with climbing beans producing
up to Stons|ha and s, e 3 tons| ha.
Further studies with climbing beans, cither
in monoculture or associated with maise.
are reported on page C-53,

Photoperiod insensitivity

One hundred seventy-three promising
accessions from types I, 11 and 11} were
screened for photoperiod Sensitivity in the
first semester of 1975 using an illumination
system previously described (1973 Annuat
Report). Thirty-nine percent were insen-
sitive to the 18-hour photoperiod regime in
the field at CIAT (Table 19). No correla-
tion s evident between photoperiod
response and growth habit or maturity
group. Insensitive varieties occurred in
each growth habit group and in material
with a.wide range in number of davs to
flowering.

lable 19 Number  of photoperiod  insensitive
varieties indentified  in  18-hour
photoperiod from among 173 promising
Lovulvaris varieties, in relation to growth
habitand daysto flowering, CIAT, 1975A,

Growth habit

Days to -
Howering** i I 11 Total

30-34 5 2 2 9
15-39 5 ! - 6
J0-44 4 30 3 37
45-49 2 6 3 i1
50-54 l 2 - 3
55 - 2 - 2
Total 17 43 8 68
Total sereened 00 9 3
Pereent insensitive 42 40 2 39

in relation to vegetative node density (main stem plus * Mean temperature 230, normat daylength 12 he 20 min,
~ranches) at flowering,

222

** Days fram Aowing.



Jhotoperiod  insensitivity - has  con-
tributed to wide adaptation and has beena
woere of international research in wheat,
rwe: nd other crops. The wide range of
notential sources of insensitivity identified
e this study will allow breeders con-
suderable flextbility in ensuring that clite
materials  produced at CIAT will be
msensitive. The existence of late-flowering,
insensitive accessions could lead to high
vielding materials with high node density
and wide adaptation to photoperiod.

The influence of temperature, par-
ticularly night temperature, in altering the
photoperiod is being considered in 2
collaborative study at Cornell University.

Drought tolerance screening
An experiment similar to one described
in 1974 was conducted at La Molina, Peru,

Twenty genotypes were tested. Two irriga-
tion regimes were imposed: (1) one

lahie 20

irrigation  approximately 13 days after
flowering  commenced, and (b) four
irrigations over the 80 to 110-day growth
cvele. In general, stress plot yields were
tower in 1975 (Table 20). Lower overall
vields were assoctated with a low plant
density due to the irrigation system used
which required plantivg in wide furrows.

Of those showing reasonable resistance
in 1975, P750 appeared to escape the stress
by having an extended flowering period
and producing pods on later formed
flowers. P729. P730 and CIAT (-03836
apparently can withstand stress during the
flowering period since they did not have an
extended flowering period.

Stability of growth habit

Results obtained in 1974 demonstrated
the importance of growth habit stability in
promising materials grown in a range of
climatic conditions. In 1975, in collabora-

Field evaluation of drought tolerance (19734 ), and stress: control vield ratios (19744, Ta Malina,

Peru.
Idenutication

Control vield (tons ha) Stresst control vield ratio *
CiAal Pramiing
No Nao 19754 1975A 1974
G 073 0.61 .49 .69
G 01643 PR (1.66 0.50 1.02
G 01981 P72y 1.13 061 0.74
G 02206 P70 0.91 0.57 116
G (13790 P74 1.22 0.36 0.90
G 03536 - 0.52 0.63 0.87
G 05704 P65 1.03 0.52 -
G 04109 pPo735 ).%2 0.51 (.58
G LS - 1.34 .45 108
G 03493 po392 0.9] .36 -
G 02409 P35y 0.65 0.53 0.49
G 032491 Po734 (1.66 0.2% -
G 04118 - 0.92 (27 104
G 0428 P50 .84 0.62 0.9
G 04198 - 1.21 ).3% .

. Ratio of stressed yiehd toanpated control yiid



tion with Cornel University, five type 11
selections showing stable growth habits
across  widely differing conditions in
Colombia and Ecuador have been com-
pared with five varietics showing unstable
growth habits (variable expression of
apical dominance). Eight regimes of
temperature, daylength and light intensity
were utilized. The results support the fieid
evaluations for stability. Further studies
on this character are in progress.

MICROBIOLOGY

Variety-strain interaction

Microbiology studies during 1975 again
emphasized varietal response to inocula-
tion, rather than strain testing.

Preliminary experiments at Popayin
compared 60 accessions of P vuldgaris,
cither inoculated with the strain CIAT 57,
or uninoculated. Differences between
accessions varied widely in nodule number,
nodule dry weight, vield and percent N
(Table 21). In addition, some accessions.,
for example 72 Vul 26549, appeared to
nodulate more casily with soil- or seed-
borne rhizcbia than did others, Plant
nitrogen increased up to etght-fold in some
accessions after inoculation {Fig. ¥). while
overall, vield increased 10 percent.

Fable 21, Respomse of selected lines of 2 viddgaris

Ten  accessions, including the most
promising sclections from  the above
experiment, were then compared at Pop-
aydn. The accessions differed in growth
habit, nodulation characteristics, flower-
ing and maturity times and maximum [LAL
Two blocks of each line were SOWN, one
inoculated with the strain CIAT 57 and
lime pelleted; the other pelleted but not
inoculated. Replicate samples were taken
from ecach block at weeklyv intervals
through most of the growing scason and
were tested for reduction of acetylene,
nodule number and dry weight, leal and
stem dry weight, seed weight and pereen-
tage nitrogen and carbohvdrate. The
mcthod for measuring acetylene reduction
is shown in Figure 9.

Fixation rates of up to 20 uM C:Hy
produced|plant! hour were achieved (Fig.
F0). This level is comparable to fixation
rates found in other grain legumes. The
maximum levels of specitic nodule activity
(SNA)  obtained.  100-120 uM CoHyg
producedig nodule dry weight|hr. also
compare favorably with levels reported
chsewhere. The duration of fixation Wits,
however, much shorter than has been
reported for peanut and sovbean with most
lines fixing little nitrogen before day 39, or
at day 74, Despite this. fixation gains for
the ten varicties averaged more than 25
kilograms N 2 fixed| ha. during the 120-day
growth period. and  inoculated plots

to Rhuzohium inoculation,

Uninoculated

Inoculated

Nodule Noduice
Nodules! dryvowe Yield N Nodules! dry we \"lc!d N
Line plint mgiplanty (i plann (") plant tmgiplanty  (glplnt) (1)
20972 401 SIRY 7.88 421 105.0 Moo 1302 4.50
25093 0.5 IR RN RN 2230 6274} 36 1ol
25146 [ REX] RICA RN 26.3 0.0 1.26 4.9y
20259 493 294 .67 27 47.5 0.0 142 4.53
26544 0.9 118.0 444 RER 112.0 6.0 83N 493
20089 4.1 .0 12.07 3.53 61,5 2250 16.09 4.7

.24
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Figure 5 Encrease in totad N among 6 accessions of ¥ vudearn asa result of inoculation. Each dot represents
the response of a single acces-ion, Aecessionshelow the 122 line more than doubled total N after inocutation and
are the most promising for inreasing N fivation, Faceptional accessions are named,

o M
SNt ' i I
SANECral cap GL =i i
j
, Vacutainer
a--— baiiaing tape i S
X AN
——- -t dlear ] & 1“”‘“‘“ ho
L = / necdicholder
=R oot wmple

3

i
«

e

U Sattne ap sample

i

4 Sanapie unaly s by s

Chteaatopraphy

(2 Replacement ot
100 coarr with acetsdene
Incubation tor 30 ignsites

oy Lakee oo s nane
vavutiener tube and

Two-wos nedie

Figire v Measunmg N fivation by aeetylene redttion.

-25



———————— 72 Vul 26689
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Figure 10, Acetylene reduction in four varieties of P vulgaris at different stages in the growing season,

outyielded those without inoculation by 20
percent.  Total N accumulation rates,
averaged for the 10 accessions, are shown
in Figure 11.

The balance and movement of energy in
the plant clearly influenced nitrogen
fixation by the ten accessions. Thus, (a)
fixation| plant and per unit nodule weight
dropped near flowering, the decline in
specific  nodule activity  being  most
dramatic (Fig. 12); (b) accessions which
flowered carly (i.c. Bayos) fixed much less
nitrogen than did late-maturing selections.

C-26

800 U ’ l

700 -{— culited fl
O Inoculated R e i
()ﬂﬂ} ® Not inoculated (

s00 - i -
400 1 [
300} b

Lotal N (mg| ptany)

l. on L—i—’—’ I S— ___]L —- ___f__

2532 39 40 53 60 67 74
Dass alter planting
Figure L N accumulation per plantin £ vidgaris
as a result of inoculation, (averaged for 10 varieties
studied).
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Porrillo Sintéticn
72V ul 26689

Lrujillo-3

Bavos

120~

3
S
T

(p M ethylem-bp dry wt of nodules| hr)

40 -

1 i § { 1

Figure 12. Change i specific nodule ucti(ily (uMe

46 53 61} 67 74

Fime (davs)

thylene produced! g dry weight of nodules| he) during the

growing scason for four common 2 vulvariy varieties,

for example 72 Vul 26689 (Fig. 13); (¢) in
the preflowering phase nitrogen fixation
levels correlated with leaf weight; and (d)
levels of fixation|unit leaf weight also
differed considerably between  varicties
with P 566A being low in efficiency of
energy utilization for nitrogen fixation
(Fig. 14),

Shading (Table 14) and time to maturity
studies in beans have demonstrated the

importance of sink-source relationships to
final yicld. Similar balances appear to
controi  nitrogen  fixation, Studies in
progress  are  concentrating  on  the
transtocation of cnergy from leaves to
roots, and on how growing habits, flower-
ing patterns, and maturity characteristics
alfect the energy available for fixation. [t is
of note that CHO levels obtained in these
experiments were very similar to those
reported in Figure 6,

27



mg N fixed{ plant

100

80
701
60
S0
40+
3o0r
201
101

® 72 Vul 26689

o Bayos

1 1 I

] 1
25 32 39 46 53 6 o7 74

Time (days)

Figure 13, Cummulstive N fixation curves for
precocious (Bayos) and later flowering (72 Vul 26689)

accessions.

Results obtained in the glasshouse
correlate flowering time to nodule develop-

P M cthylene produced|g dry w1 leaves| hr

Figure 14. Acetylene reduction

ment in P vulgaris (Fig. 15). The
microbiology and physiology groups will
collaborate in furthering these studies.

Comparison of nitrogen fixation in beans
and soybeans

Since P. vulgaris is generally considered
inferior to soybean in symbiotic nitrogen
fixation, an experiment was undertaken at
CIAT, to compare fixation in the bean
varieties Trujillo 3 (Type IV) and Porrillo
Sintético (Type 11) with that in the soybean
variety Pelikan. Plants were grown in a
soil-sand bed and sampled every ten days.
Characteristics considered were the same
as reported in the experiment on page
C-24,

Although Pelikan nodulated slowly, by
the 38th day after planting it had developed

~————— Porrillo Sintético
—r—— Bavos

—==== 72 Vul 26689
——-— Trujillo-3

-

growing season,

C-28

Time {duys)

per unit leaf weight in four varieties of 2, vudgaris during different stages of the



Dy of tlowering

Figure 18
and nodule dry weight in /2

Relation between davs until flowering

LT

stantficantiy more nodule tissue than either
hean varieny, tinally producing more than
twice the weight ot nodules found i
Porniio Sintético or Trgilo 3 Nitrogen
fixation also was considerably greater 1o
the sovbean (g 16) bath bean varictivs
responding poorhy to inoculittion under
CIAT conditions. Experiments are in
progress to deternmne if this was due to
high temperatures. tnview ol the probable
dependence of small farmers, on climbing
varieties with tnmited nitrogen applied as

W S e e
e Dova Pulivan |

Ao 2 i

NP S oo

i l
10~ )

1M cthvlene produced plant b

'\r.\
T T R S
20 40 S0 68 70 1]

D atbter planting

Fagure 16, Levels of acetylene reduction in two bean
varieties and one soybean variety during the growing
season,

fertilizer, the poor performance of Trujitlo
3 at both Palmura and Popavan s woriy-
g, Studies are continting o determne
whether other vpe IV plants respond
simibarly to inocalation

Strain trials

Stain traals using the fost =aresees HC A
Pigo were repeated i 1975 the s
CEAT ST apaan being mest cipeient
nitrogen Hxation as measured Dy acetsene
reduction. Yield  difterences G
however, not sigmitrcanthy ditferent,

Inoculant supph

As noprevious vears che oo
microbolegy group continued 1 supply a
wide range of Rhizobium cultnres o, bingh
scientists and farmers  Latin Amenes,

ENTOMOLOGY

Empouasca kraemeri
Resistance selection

Screening of aceessions i e penne
plasm bank tor deathopper (Enipoas
Kraemert) resistancs contimued to s
high priority: sereening o adi soiornds (o
which seed was avatlabic comrieted
this vear. About 100D Loes o o vl 0
for further wosting, Ot thowe -
be screened for nymphat pepoaitons i e
hope of detecting resistane: v Lonisms
other than tolerance. Tae j4 moes proq,.,.-
ing lines have been wehecice o
Crosst 2 Lo raise resiidnce  on b 4y
mei ure which parents the
cor hinations for this, T vney e 260,
P P36 PASEA, P47 PETTALPSI2A.
PSOOB. POROA. PORIA. 0KZA, D722,
PT23A and Pl 200-974,

s

Al

PN
VAR
PRYARRAN

RIS

ALEAT)

Resistance levels of $4 varicties were
meisured in the wet season o compare
with results from last year’s div season
(Table 22). The vield rediction in wet

.9



Table 22,

Levels of resistance of selected accessions of 2
increases reselting from pesticide protection (we

vulgaris 10 F hraemeri, as determined by yield

tseason planting).

Yield per plant (1)

Not Increase
Accession Protected Protected (7
73 Vul 3624 10.88 9.76 -11
PI 200-974 9.03 9.2% 3
72 Vul 25221-) 9.58 10 6() 11
Pl 208-769 7.99 10,42 30
Bunyi 7.95 10.59 kR
Line 32 10,06 14.61 45
Brasil 1059 7.19 130 57
Brasil 1074 5.52 9.37 70
Brazil 1059 9.958 17.15 72
72 Vul 25299 M 7.89 14.71 3]
Brasil 1031 2.3 T4 217

season plantings was much less, and
selection 73 Vul 3624 actually vielded
more without pesticide treatments. This
suggests that the resistance level found in
some liries thus far may be sufficient for a
low intensity of Empoasea attack. Some
lines, however, ranked among the best in
the dry season, but performed poorlyinthe
wet season. Specific adaptations probably
play a role in these types of experiments.

Table 23, Resistance range expressed in nymph

al counts in selections of Phiseols spe

Nohighlevel of resistance to /- kracmeri
has been found so far within 7 vildearis.,
For this reason other species were tested
for resistance in the hope that interspecitic
crossing might incorporate this resistinee
into common beins. In preliminary sereen-
ing higher levels of resistance were found in
other species. ie., in £ mungo (Tabie 23y,
but the variation in resistunce levels in
these  species alvo was large.  Other

cies 1o L2 Aracmen,

No ot nvmphs, 10 teaves
atdass atter planung

Selection

Species no. 20 KN h{] Avp.
Poacutifolius | 2 N 4 4.0
2 17 54 I3 280

P hnarus 1 S H 2 6.0
2 14 102 7 RIRY

P.aureuys | 0 () I 0.3
(V. radiuta) 2 l 2 3 20
Pomungo ! 0 0 0 (.0
(4 mungo) RS {) 0 0 0.0

Controls

Calimg (Suse.) 17 sS4 I8 RIVR]
73 Vul 299 {Resist.) 3 1y 9 10.3

-3
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e 24

Average number of £ Drceniers nvmphs emerging per entiy in frec-chaice oviposition tests, and

number of males in feeding preference test.

(WY IRt ot

bree- N Feeding test

~on chioioe e tnoof madesy
al-Catinng LT TS 40

S AR AN 33 ah
CHONT SO0 ab N0 AR
Chao Ji 3 b AR Ybab
RN R 63 b [ RIRY
by Up 3K Hi 0 1 3
SR FIOTI FFIPI TN R . ;

seniads of species crossable with /2

cdearis are bemg evaluated.
mechanism

Resistance apainst L.

Kraemeri

SMore detialed studies were mude on the
resistince Mmoechanisn of sty pean varnetics
with ditterent resistance Ievels, Intree-
choiee oviposition and tecdimg tests tihe
fatter wath mades onlv), a signitb.cant
aviposition ane fecdmg preterence existed
for Digcol-Calima, o susceptihle vancy,
compared to TCA-Tun o tolerant variety
and  the  least preterred (labte 24
Howevers the nonpreterence disappueired
when thie leathoppers were conhined to one
variety only.and coual numbers of nvinphs
emerged pervanety, Fhismdicates that the

level of nonpreterence s low. Antibrosis
wi not found in these six o varieties (Table
25 nor i M oadditional aceessions tested.
Polerance. although tound in tield sereen-
g, could not be measured aceurately in
laboratory toals,

In triads wath excssed eaves in nuirent
sulution, seven adaits an cach evened leat
catsed  erade S0 dumage on Diacol-
Cahma.atter 3dans,and 3 on ICA-Tw
1-9 saader Abthoogh the
observed varianon o responese was too
creat for this technigue to be used in
serecning for mereases inoresstinee an
idividual plants i segregaung pop-
vlattons, further studies are 1 progress to
ohtain a4 more  precise screeniog
methodology (see also page (233,

(~cored on oo

lub 23 Lest for antihionis in siv 72 v gecessions,
Proration o Nduit
e anphad sursinal Avg wept

Neeesstoms g tdae todave b ()
Diacoi-Culing 1o IR 144
Biastt 343 Iy 7 ™ 144)
Brgash 1on7 > K0 133
(LRSS TR I 94 [ER}
I it 1o 92 141
1CA- T 16 92 B}

(.31



Table2o  Life eycle and reproduction of /..
Aracmeri under Iaboratory conditions on

Diacol-Calima plants.

Noof dayvs

Developmens

NHTOE Min Max Ay,

9 10 9.1

| 2 1.9

Second s, ! 2 [

Lhad v ! 2 1.2

Fonth it 2 2 2.0

LIS AR TP 3 3 kN7
R O T

pesios 4 7 5.2

Litenp 13 86 64.8

14 80 58.2

A VTRV RTRIIN 13 f6X 107.2

Biology of L. kraemeri

s bean entomology  iterature
St emformation on the biology of
Sostedy was made on some
depecis ot biology, using the susceptible
vaviet Diacoi-Calima as the host, The cup
stipe dseed ahinost as long as the nymphal

Lhgen;

poriod Chabie 2000 The period from cgg to
ceg lasted 24900 dave and adults lived an
vtage ol two months, The adulis
preterred the petioles over the leaves as
oviosition st On ine 73 Vul 3624, 82
prrvesi of tie cees were found in petioles
At oalv s oercent in the leal blades. A
ferrkabn gl sercentage of the total

Fabie . tevel of egg parasitism of £ L raeoer; by

T Lpgsin cotvledons

[- T T T
~===FEggs in other lcu\csl

T
:
b
i
i
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Figure 17 Distribution of epis on leaves of Diacol
Calima plants during the first five weeks.

per plant were found in the
cotvledons. During the first four weeks,
more than halt the cggs per plant were
found in these leaves(F ig. 17). Egg counts
were made under the microscope after
clearing the leaf tissue with lactophenol,

RV
vasD

Arelatively high fevel of CEE parasitism
by Anagrus sp. (Myvrmaridae) was tound.
Wien plant samples were cleared ol imsects
and subsequent numbers of newlyemerged
nymphs and parasites were recorded, 60 to
66 percent egg parasitism was found( I'able
27). These may be overestimates assome of

Anagrus sp. (Myrmaridae),

Avg no.

of emerged sects

b hracmer; Anagrus Pavasitean;
Ponatawene nymphs adults )
Facte oy e
fant 1o RO 66
Piota o wpon,
ot o Y2 14.2 o)

(SN
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the cggs are infertile and newly emerged
parasites may oviposit in developing cggs.

The relative damage caused by different
developmental stages of £ Araemeri was
also studicd using excised leaves in nutrient
solutions. Ten insects in cach developmen-
tal stage were caged on the teaf, and the
number of days until leaves started to curl
and dry along the margins was recorded.

25 \
20 \ —
10
A
a4
§ X

5 Adults

Instar number

Figure 18, Days required by 10 iusects of each of the
siv developmental stages to cause u leaf of Diacol
Calima to curl and fold along the teaf margins (by
Boyliantes).

1,600

1200
Y
z 00
2
S
400
1

1 3 8 7 Control

No. of nvmphs tolerated before spraying

Figure 19. Yield (kgiha) of Diacol Calima when
azodrin (0.35 liter w.i.[ha) was sprayed when the
vympha! popubation had reached one, three, five or
seven insects per leaf (avg. of three replications).

Preliminary results indicate that adults are
more damaging thian nymphs and that the
fourth nymphal instar is more damaging
than the fifth (Fig. 18). In the field there
was a close correlation between damage
caused bv Empoasca and the number of
nymphs per leaf (Fig. 19). In this experi-
ment monocrotophos (0.35 liter| ha) was
applied cach time the nymphal population
reached one, three, five or seven nymphs
per leafl The frequency of sprays in the
treatments with five or seven nymphs per
leaf was the same, as after the first
apphication the population did not reach
seven per leaf again, These data indicate
that for cach additional nymph per leal,
yields are reduced by 7 percent. However,
the relationship appears non-linear at high
nymphal populations.

The plant growth stage most susceptible
to Empoasca attack was determined by not

.33



controlling the insects during one of the
following growth stages: planting to first
trifoliate formed; first trifoliate formed to
15 days thereafter: from that stage to
flowering: from flowering to pod-filling;
and from pod-filling to harvest. It appears
that beans are most susceptible to Em-
poasca damage from the time the first
trifoliate is formed until 15 days thereafter,
Control of Empoasca up to flowering is
essential if yields are to be maintained (Fig.
20). These results are similar to those
recorded in Tables 14and 15, These studies
will be used to betier define control
treatments that are timely and effective
against Empoasca,

1.200
1,150

i.'::_

by 1100 j—

=

B

-
1050 ——
1,000 f~—f—

Table 2K, Yield reduction by P fyn, on selected
infested and uninfested planty of Diacol-
Calima beans,.

No. of Seed |
No.of plants podsplant plant (g)
RO uninfested 101 131
L intested 5.6 LR

Mites

Emphasis thiy Year was on the Tyr-
sonemid  mite, Polyphagotarsoneniy,
latus. Studies of its importance on an
individual plant basis showrd 56 percent
vield loss following mite attack (Table 28).
Damage caused by the mite iy severe and is
often mistaken for virus attack.

The mite multiplics extremely rapidly,
passing from egg to egg in only five days
under laboratory conditjons (Table 29),
Each female produces an average of 48.3
epgs (Fig, 21).Chcmiculcomroloflhc m’

wias  effective  with carbaryl and
monocrotophos,

Whitegrubs

Whitegrubs, Phyliophaga sp..
sometimes  cause  problems  on newly

cultivated land. A chemical control study
showed that carbofuran (3¢ granular),
furrow applied under the seed,  and
incorporation of disulfoton, aldrin or
toxaphene-DDT, in that order, were most
Fable 290 Average fength of developmenta) stages
of I tan. *

Dutation range Aves duration

—
(]
-

Figure 20. Yield (kg| ha) onanaverage of four hean
varieties when no insecticides were applied during one

Stage tdavs) (davs)
4 S 2.3 203401
o
E lanvae [-2 FOX+ 01
’. rawt} e ©
Plant grewth stage “ Paeudopupa ! 1.00
\dult 9 TN 15003 31
o -4 12504 2.1
M O8 sty 10 N-Piao i the laborator (22205 ()

of each of tive growth stages of the plant.
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Figure 21 Oviposition curve of £ fene i dhe
laboratory on leaves of ICA Pijao,

effective in reducing losses of scedlings
from whitegrubs (Table 30). While car-
boturin was more effective applied in the
furrow, endosulfan gave better control
when incorporated.

Stored bean insects

The search for resistance to Zahrotes
subfasciarus was continued because some
promising sources like P 309-709 lost
resistance when  seed  was  planted,
harvested and retested. From 296 ad-
dittonal lines, tested in 1975, 70 were
selected as showing promise of resistance

Lahle 30
CIAT, 1975,

expressed as cither a low oviposition rate,
tow percentage adult emergence or slow
development. Some  examples  are
presented in Table 31,

A, subfasciatus can be controlled by
storing beans in the pods. Eggs were found
on pod walls and larvae penetrated the
puods, but died inside without entering the
bean sceds (Table 32). The artificial
damage to the pods consisted of cutting the
pod tips to allow adults to enterat one end.

Chemical control studies were continued
with pvrethrin compounds. Dosages of 1.5
ppm gave 120 days protection, while 2.5
and 4 ppm provide longer protection,

Malathion  powder (4¢) and the
fungicide thiram formulated as a mixture
of thiram (7077) and methoxyehlor (2¢0)
gave good control of Zabrotes (Table 33).
The critical dosage of thiram tor preven-
ting oviposition is around 50 ppm while the
commercial dosage for prevention of
damping-off is about 638 ppm. Studics are
continuing on the use of thiram without the
methoxycehlor addition.

Number of seedlings hilled by whitegrubs following insecticidal treatments, Avg. 4 replicates,

Avg no.
Rute Iype o seedhings
Material an i appheation Killed
carboturan 3w 09y turrow, undersead T
cirboturan o 0Yv Ly mcotporiated 27 Yabe
distlloton <y Y9 by incorporited 194 ab
aldin 2.3 125 hy mcorporated 200
tovaphene-DD
120y L6 0N surface spras 245 ahe
Cehotos A0y tmeorporated 27 3 ahe
endosulian 3 049 Ly turrow, undetseed 40.0 ¢d
endosultan ¥ p Y hy meorporited 298 he
tensulfothion 5 g 20 by imcorporited 268 ahe
Botan S g 0.5 by icorporated 15.3 he
(heck 683 d
. Vot Ballwed B the s TS ane Bt aarmtia o], ditteront ot the S poent ovet
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Table 31, Examples of selections expressing different degrees of resistance in preliminary tests to 7,
subfaseiatus. *

Emergence Developme
Selection Sclected for: No. of eggs (r) period
Brazil 1034 Low oviposition 9.0 RER 6.7
P 364 4 Low 7 emergence 41.5 20.5 522
P Sid4 Slow developiment 95.0 47.4 51.2
Diazol-Catimy 100.0 54.0 48,8

(Suse. check)
. Neerage of 1w replications 0 weeds infested with four Parrs of adubts ] seplication

Fable 32 Infestation of Z. subfascianss after exposing PLANT

andamaged und damaged pods and shelled PATHOI oGY
UG

seed.?

Preatment

fndamanged pods
Yamiged pods

shelled beans

No.ofeggs | No.ofadults]  Common bacterial blight
replication replication
08 0K Scieening for resistance
162.0 e Field screening for tolerance to common
2037 1628 bacterial blight was continued. During the

first semester, 366 varietics from CIAT and

T seeds ot Phacol-Cabin per tephcation seven patrs of wdulis in M iChiglln S(iuc Uni\'crsit)' were tested b_V

cach rephcation

inoculating with Xanthomonas phaseoli,

Fable 33 Control of 7 subfasciatus with malathion and thiram | methoxychlor.*

Freatment

Mortality at

level tive days No.of eggs| No. of adults| Emergence
(ppm a.) (0 replication replicition (1)
malathion powder
(4
0 278 259.0 131.8 50.9
5 914 12.0 24 20.0
10 100.0 9.4 0.0 0.0
20 100.0 5.8 0.0 0.0
40 100.0 6.8 0.0 0.0
thiram powder
(75¢) and
nethoxychlor powder
(200)
0 29 236.4 100.4 42.5
13 50.0 32 0.0 0.0
RYA] 85.7 0.0 0.0 0.0
6038 98.6 0.0 0.0 0.0
Y00 100.0 0.0 0.0 0.0

C-30
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isolitte Co.using methods sinmfar to those
reported i 1974, Tolerance of the varieties
Jutes, Tara and PE207-2620 which were
sereened previously, was contirmed ¢ Fable
U, Paetand seven MSU lines were highly
rolerant to common bacterial blight. Some
question remains,  however, as to the
wirwdence of the Cowolate,

Sereening method using excised leaves

\rapid method for sereening tolerance
to commoen bacterial bhight was sought.
[ritohate Jeaves of nine varicties were
cached and petioles mserted in distitled
water o Erlenmever tlasks, The leaves
were  mnoctlated  with Xanthomonas
Phascoli asolate C6, by the water soaking
meithod  ond mamtained o a0 humid
chamber. Svimptoms appeared at seven
davs and observations were made ten davs
Ater inoculation, The same reiactions asin
the tield were observed inoall varicties
tested, with the exception of Duva (Table
25, Further work needs to be done on
aspeets such as inoculum level, Teatage and
medium lor maintuming leaves, hut the
nicthod seems valuable in detecting toliage
reactions to the discise.

Fabic 34 Foliage reaction of bean varieties and
tines to Nuritheomonas pirac solate (

O ut CIAT,

able 380 Folisge reaction of field-grown plants
and excised leaves of bean varieties to

Nunthomonas phaseoli, isolate C 6,

Foliage reaction

Excised

Variets ur hine Reaction

Tules (IR
Lara I.§
P 1.5
P 1.5
NMatoa2om 1.5
NMSE 42842 1.5
MSE 42935 LS
MSE 42950 1.5
MSE G208 L5
MSE 429604 1.5
MSE 4oy ()]
Scabarer (suweptible check) 4.0
b anensis teompeand (4

Mty Osscaaal vt e Baghly tolerant e ienant |

SNt e ptible e pnhle and §a Bl s ep bl

Vaieties Ficld lestves
Lara 1 0
Tules I |
GN #Sel 27 | 1
I’ 207-262 l T
Red Kidlh:) I 1
Samlae h S
Giitliot S S
Seatater S S
e S |

N Moy te mendenateh suseeptible. S = sisceptible
Rust

Screening for resistance

In 1973 an evaluation was made of 1,500
aceessions trom the germplasi bank: 196
were resistantand will be imeorporated into
an International Bean Rust Nursery
(TBRN) to he tested against races of the
fungus not found at CEAT,

An IBRN of 10X entries, resistant to rust
N varons countries, wWas osent to 14
cooperating mstitutions during the vear.
Pwenty sets were shipped, and results are
already avandable for sixo The aecessions
Ecuador 299  and  Compuesto
Chimaltenango 2 were resistant in all six
countries,

In the IBRN planted at CIA T, 13 races
ol romyvees phaseoli var, typica were
reported. The evolution ol races of the
fungus was studied ina continuous screen-
ing nursery. Races 3.8, 10, 28,2932 and 33
were found. the most prevalent being 29
and 33 Basced on their reaction with the
difterential varicty US 814D two hiotypes
were identitied. one corresponding to race
Jand the other to 29,
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Losses due to rust

In an experiment simila) to that describ-
edinthe 1974 Annual Report, ICA Tuiand
ICA  Pijao, susceptible and tolerant
varieties, were infected with rust spores at
different stages of plant development.

The yicld of tae susceptible variety Tui
was requced 85 percent when the infection
occurred the first week after emergence
and 82, 80, 77, 24, 18 and 1! percent,
respectively, during successive weeks, as
compared to the tolerant Pijao, which was
reduced 34 ard 31, 28, 21, 14, 10 and 4
percent, respectively.

Chemical .ontrol

To determine the best chemical control
for rust. the variety ICA Tui was planted
and then sprayed with various protectants
15, 25 and 35 days after emergence. A
preliminary evaluation was made five days
after the last application. Plots protected
with maneb (3 kg ha) vielded 100 percent
morc than the control. Chlorothalonil (2.5
kglha) and fentin acetate (0.8 kgl ha)
increased  yields 85 percent, whereas
triforine (1.5 liters| ha), pyracarbolid (3.0
liters| ha), carbendazim (1 kglha) and
oxycarboxin (1 kg|ha) vielded 55. 52, 40
and 30 percent, respectively, more than the
control. In one of the two semesters in
which the experiment was carried out.
benodanil performed as well as triforine,
pyracarbolid and oxycarboxin.

Mixtures of the best fungicides were
tested.  Oxycarboxin plus captafol in-
creased the yields of Porrillo Sintético 64
percent, ias compared to increases of 48
percent in mixtures of oxycarboxin with
chlorothalonil, fentin acetate and manch
or tridemorph with fentin acetate.

Anthracnose

Screening for resistance

Using a screening technique similar to
that for rust. 100 accessions, selected from

(-38

among accessions reported to be resistant
in other countries, were tested at Popayan
(1,600 m) and Bogota (2,600 m).
Preliminary results indicated that Cornell
49.242, Widusa, Preto 141 and 145 and
P459 were resistant at both sites. The
reaction of some accessions differed from
one site to another, suggesting the presence
of different races of the fungus
Colletotrichum lindemuthianum.

Losses due to anthracnose at Popayin

Diacol Nima and Diacol Andino were
used as susceptible and tolerant varieties,
respectively. The plots, replicated four
times, were inoculated weekly for seven
weeks  after emergence. The absolute
control was protected with benomyl (0.5
kglha), applied weekly. The inoculated
plots were also protected up to 15 days
before the inoculation, The inoculum
(50.000 conidia|ml in distilled water) was
applied as a low-pressure spray. late in the
afternoon when the relative humidity was
about 100 percent.

Yields of the susceptible variety Diacol
Nima were reduced 95 percent when
infection  occurred  one  week  after
emergence. During the next four weeks.
losses remained constant at around §8
percent and then declined to 38 and 27
pereent after the sixth and seventh weeks.
This pathogen causes serious losses during
the whole growing period. not only due to
foliar infections but also to stem and grain
infections. In the tolerant variety Diacol
Andino. the weekly losses were 10 percent
less than in the susceptible Nima. When the
environmental conditions for infection
were not particularly suitable. loss patterns
were similar to those for rust.

Chemical control

As shown in the agronomy section (p.
C-50). more carelul chemical control of
anthracnose is  required for second-
semester plantings in Popaydn than for
those of the drier first semester (Table 36).



Table 36,

Chemical control of anthracnose in the variety Diacol Nima (Popayin, 19748, 1975A).

Yield (kglha)

Coool increase
over the control

Dose -
Fungicides (kg ha) 19741 1975A 197418 1975A
captatol 38 1.157 1602 2471 kLR
henomyl 0.8 260 1283 2033 298
carbendazim 0.5 871 1.845 1936 JOK
nuneh + zime on 30 724 1,406 1.5019 KRR
carbendizim 1.0 T 1617 480 RUH
chlorothalomt 25 S9s 1.003 1,223 209
fentin acetite 0.8 523 1,539 1.062 RER]
cplan 1S 279 F.287 S20 200
thuubendizole 0.5 175 632 28 DX]
suttur 10 126 RRY} I8N0 3
coppet hvdroside 20 1S 641 155 V7
ozvedarbosim 1.0 41 491 9 ]2
quinito/zene 4.4 R 56l I8 73
Control 38 12s 0 0

The increases obtained were spectacular.
Captatol. benomyl and carbendazim rais-
ed vields to 24710 2033 and 1,936 pereent
for the sccond-semester crop and 468
percent tor the fust semester. This
pathogen is the major vield-limiting tactor
at Popavin

Comman bean mosaic virus (CBMY)
Seed contamination

Because CBMV istransmissible through
seed. the use of virus-free seed makes it
possible tor Larmers to raise their vields
significantly - (1974 Annual  Report).
However, the reproduction ol this seed
requires special core, which is difficult for
farmers to do themselves. Experiments
were theretore designed to establish the
recontamination of seed unaer ticld con-
ditions. When plots were planted with
clean seed. away from sources ol con-
tumination. the harvested seed remained
frec of virus. However, in plots planted
close to contaminated plants, transmission
was 16 and IS percent for the susceptible
varieties 1CA Guali and 1CA Duva and 8

and 6 percent for the tolerant 1CA Tui and
P459. when the few aphids present in the
ficld were not controlled. When the vector
was chemically controlled, the devel of
contamination was significantly reduced.

Seed transmission in various promising
miterials observed varied from 10 to 60
pereent,

Screening for resistance

Some accesstons resistant and tolerant
to CBMV were retested with various
strams ol the virus. The varieties Top
Crop. Monroc, Jubila, Widusa, Amanda,
Pinto 14 and the CTAT accessions P393,
P33 Pert 0257 and  PL146-800 were
selected as sources of resistince 10 he
incorporated into the breeding program.

Losses due 1o CEAMY

i he long-term study of cconomic losses
resulting from CBMV was concluded this
year; the methods used are given in the
1974 Annual Report, Yield reductions ol
94. 95, 85, 68, 43 and 20 pereent were
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determined for the two red varictics, ICA
Gualiand ICA Duva, as compared with 89,
79, 36, 34, 29 and 16 pereent for the two
black varieties, ICA Tuj and Jamapa, for
the plots artificially inoculated with the
virus every week for seven weeks after
germination.

Bean golden mosaic virus (BGMV)
Screening for resistance

No source of resistance to BGMV has
been identified in the 3700 accessions
studied to date. An International BGMV
Nursery has been established to test further
tolerant collections selected in collabora-
tion with the Instituto de Ciencias v
Tecnologia  Agricola (ICTA) in
Guatemala. Seed multiplication is heing
carried out for the 144 collections included.
The IBGMN will be planted in several
locations in Brazil., Puerto Rico, Jamaica.
Guatemala, El Salvador. Costa Rica,
Colombia, the Dominican Republic,
Nigeria, Kenva and India. The first
IBGMN was planted only in Guatemala,
and some materials with apparently higher
tolerance than Turrialba | and Porrillo |
were selected. These materials were CIAT
P747, P474, G-02689, PS16. P657, P675,
P544, -5 and Guatemala 417,

Identification
BGMY

and  purification  of

CIAT is attempting to develop a means
of identifying the numerous viruslike
diseases of beans in Latin America, which
would not involve carrying living material
from one country to another. A bank of
antisera is being built up for this purpose
for those viruses found in Latin America
and the Caribbean islands,

Bean golden mosaic, isolated from Fl
Espinal (Colombia) and Santa Tecla (Fi
Salvador), was  studied in 1975,
Mechanical transmission was highly im-
proved, and 100 percent infectivity was
obtained by grinding 15- 1o 20-day-old

.40

infected leaves in phosphate buffer, 0.1M,
pH 7.5, plus I percent 2-mercaptoethanol.
The plants were inoculated in both primary
leaves, which had been previously dusted
with 600-mesh carborundum. The concen-
tration of the virus in the plant dropped
dramatically 40 days after inoculation; the
molarity of the buffer also played an
important role in its s. hility,

The virus was kept viable in dessicated
tissue over CaCly at 4C for up to three
months. It was found to have a thermal
death point of 55°C. adilution end point of
128 and an aging in vitro at 230C of 72
hours. The virus was stable in the buffers
phosphate, herpes and borate at 0.1 M. pH
7.5 less so in Tris. HCL and not at all in
EDTA.

Fhe virus was puritied by treatment with
7 percent n-butanol, precipitation with
Baker polyvethylene glyeol 6000 plus NaCl
(6 and | pereent, respectively), and
centrifugation on sucrose densitv-gradient
columns. A zone formed at 2.3 ¢m from the
meniscus contained the caural agent of the
bean mosaic discase. as shown by repeated
infectivity assavs. Sampics from healthy
extracts taken at the same depth did not
show any infectivity.

The particles of the BGMV have a
special - morphological  structu-e: they
appear in dimers, and the bonded sides of
the paired particles have a flattencd
appearance (Fig. 22). Almost no single
particles were seen (100:1). The honded
particle measured about 32 x 19 mm.

Antiserum prpared against the Colom-
bian form of BGMV will be used 1o
compare the virus forms present in the
different courtries of Latin America and
the Caribbean islands.

Bean chlorotic mottle virus (BOMY)

This virus is transmitted by Bemisia
tabaci. The natural host is Rhinchosia
minima, 4 common tropical weed. In



1
Freve 20 Blectron micrograpby of BGAMY stained with 8 percent urims | acetate Mus LS percent bavine

serum athumen. Note the mpnerous paired partides, the bonded side of which have o fhattened appearanee,
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soybeans, it causes a disease with symp-
toms similar to those of BGMYV in beans.
The symptoms of the virus on beans are
chlorotic mottled patches and some curling
and deformation of the leaves. In some
varictics it causes witches-broom and
severe stunting symptoms. Studies are
under way to determine whether chlorotic
mottle, Rhincosia mosaic, mottled dwarf,
crumpling, Abutilon mosaic, Euphorbia
mosaic and Sida mosaic diseases are
caused by the same virus. An International
Uniform Host Nursery, ready to be sent to
different collaborators in Latin America.
the Caribbean islands, Africa and Asia,
will help in the identification of this
complex in the near future.

Screening for resistance

Resistance to chlorotic mottle was not
difficult to find. The CIAT collections P-6,
P458, P527, P225 and P457 are highly
resistant to this virus: Panamito 27R and
ICA Duva are highly susceptible.

Rugose mosaic (RMV) and swelling
mosaic (SMV) viruses

The RMV and the SMV., transmitted by
several beetles, are increasing in impor-
tance in Guatemala and El Salvador. The
1974 studies  on identification  and
characterization have been continued by
trainees from El Salvador and Mexico.
The two diseases belong to the same group
of multicomponent viruses, and antisera
against all the strains found in Guatemala.
El Salvador, Costa Rica and Colombia
have been prepared. They show that all
these discases may be caused by the same
virus, consisting of several strains. There
are several sources of resistance that could
be incorporated into new varieties.

Artificial defoliation to estimate disease
losses

Percentage of defoliation versus time of

defoliation

These experiments, started in 1973, were
concluded this year. The results (Fig. 23)
C-42
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Figure 23, Losses due to artificial defoliation in the
varieties 1CA Guali and Porrillo Sintético at CIAT,
(1975),

confirmed previous observations on the
varicties ICA Guali (red) and Porrillo
Sintetico (black). It is clear that the most
critical stages wre initiation of flowering
and 1he pod-filling period, following the
seedling stage. After the initiation of the
physiological maturity, defoliation has
little effect on vield. These results fully
support those obtained in physiological
studies (p. C-19),

Seed pathology
Production of seed free from pathogens
The rationale and benefits from the use

of clean seed have been presented in
previous annual reports. Cleaning seed of



sced-borne  pathogens  continued  as o
priority project. A total of L3453 varieties

and collections were cleaned  in the
sereenhouse. Included  were promising
materstls  for the  breeding  program,

ditterential vireieties of several pathogens,
the IBRND a8 well as varieties from
Colombia, Guatemala, Peru, Honduras,
Fenador, Mexico and Chile, A total of
LOOR were further inereased intield plant-
Ings.

The search for areas o produce clean
seed continued. and cooperative projects
arc under way i Brazil, Peru, Guatemala,
Feuador and Colombia, Studies are also
considering the possibilits of producing
seed of certinn varicties inregions un-
tvorable to particular pathogens rather
than to send it back 1o the originul
location,

Internally seed-borne fungi

Sced calfected as part ol the Lgro-
cconomic survey reported on page (-3
was issayed for percentage of germination
and mternally seed-borne tungi. An assay
wis made of 100 seeds from cach of nine
seed lots per departinento® Internally
seed-borne funyi representing the tollow-
g genericand species were recovered from
the seedss Isperuillin niger, Aspergillus
spp.. Penicillium spp.. Luwsarim o xy-
sporum, - Fusarium  spp. Riuzoctoiia
selani,  Colletotrichiem indemuthzanum,
Phomopsis spp.. Alternaria sp.. Rhizapus
speo Monilia sp. Cladosporium  sp.
Peyronellaea  ~p.. hariopsis  wriveola,
Vacropluma — phaseoli. Botrytis — sp..
Acrostalogmus  sp.. Scleronmia
selerotiorum, Pestalotia sp. and several
other unidentified fung,

OF the 3600 «ceds assayed in this study,
FAS4 032 percent) contained internally
seed-barne fungr Of the seed that con-
tuned tangn 823 (71 pereent) did not

A Codombian politscat dvoston st toastate of

provinge

germinate. Fusarium spp. were isolated
from 32 pereent of the nongerminated
sceds, followed by Phomopsis sp. (13
pereent), Colletorrichum lindenuithionum
(9 pereent) and  Rhizoctonia solani (8
pereent). A tvpical screening tor internal
seed-borne fungi is shown in Figure 24,
which compares seed from Huila with
CEAT clean seed.

Sced from Huila had more nternally
seed-borne fungrand fess germination than
seeds from the other thiree departamentos
(Tuble 373 OF 900 seeds assaved from
Huila, 737 (81 pereent) contained fungi
and 536 (60 percent) did not germinate,
Seed lots from Huila had as much as 100
pereent infection by Yuog and only 8
pereent germinatior, Fhis study indicates
thut internally sced-borne tungi are an
mportan: factor i reducing seed quakity
and germinuion,

Fungicide seed treatment

Movement of fungicides into seeds and
their effect on internally seed-horne
fungi and bean germination

Poor-quality commercul seed of the
variety  Tul was studied in detail. The
percentage ol sceds with mternally seed-
borne tungrand the percentage of germni-
von were 88 and 41 respectively. Fungi
representing seven genera were located
within the seed coat (testa) tissues and
occastonally in embryvo  tissuces
feotvledons). When captan and  thiram
were applicd to the seeds, they penetrated
the seed cout tissues and occasionally the
ciibryo: they effectively contralled fungi
within the seed coat( Fable 38). Benomyl(a
systemic fungiade) also penetrated  the
seed coatand the embryo and was eltective
aginnst tungi. Fungicide seed treatment
sigmpicantly increased the percentage of
germination on PDA and emergence in
sterile soland in the hield and signiticantly
reduced the percentage of tungi in seeds.
Fhe use of fungicides tor seed treatment
would be heneficial where poor-quality
seeds must be used for planting,
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Figure 23, CIAT clean seed (ajand dive
Huila lot,

When high-quality. discase-free seeds
were treated with various fungicides. there
were no benefits: however, when low-
quality, discased seeds were treated with
the same fungicide, significant increases in
pereentiage of emergence and stand were
obtained.

AGRONOMY
Varietal trials

The testing of accessions for vield
potential under experimental conditions

Lable 37.

N [
ased seed (b) from Huila, Notice the amount of seed-horne fungiinthe

was antensified during 1975 with 14 vield
trials sown to date. Three levels of festing
have been used:

(D) In Preliminary Variety Trials Large
numbers of materials are sereened  at
CIAT. then sometimes sereencd a4 second
time at the higher altitude location of
Popavian. Accessions are grown under
competitive conditions with replications.

Ot the 750 promising selections the bean
team has adentitied to date, 331 were

Mean percentage of germination in vitro, total fungi and seeds with fungi that did not perminate

from seeds from four departamentos in Colombia,*

Departamento Coof germination

1ot nongermi-
tated seeds

Yeoof total tung with tung:

Hula 40 N2 6ot}
Valle 91 1o 7
Antioguin b 17 0
Nariio St 19 It
M Based on 10 seeds per each of mine seed Tols per departamento
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{uble 38

Percentage of internally seed-borne fungi, germinationinyiteo (P A pand eomergence instende soil

(greenhouse) and in the field of poor-quality seed (7° vadvarn ev, Toi), vither nontrested or treated

with captan, thiram, or bepoml.

Fncivenoe

Gormmatiog lotal

maitte P\ Sterde ot bl tng
captan R 3N A% 14
thiram ™2 66 2 15
y - N
henomnd ¢ 3 65 4 12
Control 41 LR 18 SN
IS & . 14 I8 N 13
t A 28 12 21

selected tor high vield potential and are of

the non-chimbing type. One hundred
twenty-six ot these have pissed through
Prefiminary Varienn Trials, Sced of the
remaining materials s hemng cleaned
andlor multiplicd tor testing during 1976,
Most high vielding vancties are hlack
seeded, but some proamising accesstons ol
other colors have also heen adentified.
Evaluation for commoan bean mosiaic viris.,
sust and bacteriad bhight are included
these trialds,

(2) Umiform Viuriety Trials, using the
same 40 high vielding varieties in cach,
have been planted at CEAT. Popavian, and
Monteria in Colombia and at Boliche,
Eeuador. he major aim of these triadsis to
test adaption of promising materials 1o
different environmental conditions.

The Uniform Variety Trials lrom CIA T,
Popavin and Boliche have been harvested:
the highest vielding varicties from cach
location ire shown in Tuble 39. Four of the
best five varietics from 1974 triads (five
locations) are again among the -highest
vielding varietics this vear. The highest
vielding varicties with the best adaptation
were P459 (Jamapa). P02 (P 309-804).
and PS11 (S-182-R). while P675 (ICA-
Pijan) and P560 (Var S1051) were high
yielders in only some of the locations. The
variety  P566  (Porrilio Sintctico). the
highest yieldes in the 1974 trials. suitered

severely trom bactenal blight and ranked
only tenth in 1975

{3 International Vaoets Troads are
intended as 1 collaborative activity n
which procasig lines trom CIAT or
national bean breedimy programs would be
tested over many locitions,

During the second semiester. fnve tnals
were seedued mvanious focations in Colom-
bia and Feuador to determine the most
appropiate methodology tor these trials.
Fhe format used is shown in Fable 40, This
experimental methodology as proposed by
the CEAT bean tram, was discussed during
the Bean Plant Breeding Workshop in
October. Suggestions from workshop
participants will be taken into consideria-
tion, with the modificd  Internationai
Variety Trials to he sent to collaborating
institutions i carly 1976,

Bean fertitization studies
Boron fertilization

Larlier studies on boron defidiency, a
major problem on the CIAT farm are
reported in the 1973 and 1974 Annua!
Reports. In 1975 a few additional studies
were  undertaken, mainly to determine
residual effects of B »2oplications and
varictal differences. Figure 25 shows the
cffect of B applications on yields of three
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Table39.  Highest yiclding bean accessions in three Uniform Yield Trials in 1975, compared with 1974 trials,

CIAT
iceession Yield Growth
Location no. Nume (tons | ha) type Color
CIAT (1975B) ’-459+ Jamapa v, LR i hlack
P-737 Jamapa CR. -30Y ! black
P-511* S-182-R 07 1 black
P-302 1 309-804 298 1 black
P-560* Var 51051 296 il black
P-506 73 Vul 6542 295 1l white
Popayan P-498 Puehla 152 X9 11 bliach
P-302+ Pl 309-804 3.04 i black
P-512 S-166-A-N 2.84 I black
P-58% ICA-Huasano 282 11 biack
P-326 Pl 310-740 280 1 M;lck‘
P-459+ Jamapa V. 278 11 black
Boliche P-302+ Pl 309-804 2.56 1l hlack
P-459+ Jamapa V. 2,52 ] hlack
P-445 Guat, 2226 247 il hlach
P-675+ ICA-Pijao 2.46 1 black
P-118 Col. 12-F 242 ] black
P-Si* S-182-R 2.37 I ‘ blachk
1974 Trialy** P-566 Porrillo Sint. 23-28 I black
P-675* ICA-Pijao 23-11 ] black
P-737+ Jumapa CR. 19.27 | black
P-459+ Jamapa V. I.N-206 1 black
P-560* Var. 51051 21-25 I black

. Amaong best materials in teant o trads

b Yiehts are the T0ee Cor thuls i the three above focations

Table 40, Proposed experimental methodology for International Bean Variety Trials.

Number of entries: 25, of which 20 are common to all sites and 5 are local varieties or selections: of the 20
common varieties. 10 are black and 10 are of other colors.

Design: Triple lattice, with three replications.

Plotsize: 3x 5 = 15m°, consisting of 6 rows of § meter length with S0 em between rows: thearea to be hurvested s
2xd=8m,

Plant Popuiation: By thinning adjusted to 250,000 plants] ha,
Inscet and disease control: As locally recommended for good bean production: ane additional replication or fwo
split replications can be planted without insect and ] or disease control for focat observations on diseiase

and insect resistance,

Fertilization, weed control, and ircigation: Ax locally recommended for good bean production.
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Figure 250 Effects of one soil application of vuiwous
rates of B on yields of 1CA-Tui beans in three
subsequent seedings, CIAT.

subsequent crops of the variety Tui,
During the initial seeding, | kg Blha was
sufficient 1o attain maximum  vields.,
However., in later seedings the restduat!
effect of this application was insufficient
and maximum vields were attained only
from the imitial application of 2-4 kg B/ ha.,
Since svmiptoms of B toxicity have been
observed at the seedling stage in several
fields at CIAT following applications of 2-
kg Biha. especially during dry weather, it
1s recommended to apply only 1-2 kg of
Biha, and if nceessary. to repeat the
application the following semester.

Todetermine the need for Btertilization,
critical levels of B in leat tissue and roil
must be established. Correlations between
bean vield and B content of leaves and soil
showed that yield increases may be
expected from B applications if the B
content of the upper leaves at flowering is
less than 25 ppm and if the hot-water
soluble B content of the soil is Jess than 0.4
pprm.

2 4 8

The seeding of 14 promising varictics
with three levels of applied B revealed
greater susceptibihty to B deficieney in 11
blick-seeded vareties than in the two red-
sceded varietios tested (Figo 2600 Mung
bean ( Phaseeius mungoyactually showed a
negative response to B fertitization. The
critical B level oi 20-25 ppmon leat tissue
wis confirmed for the 11 black bean
varieties.

When B deiicieney is not severe enough
to inhibit initial grow th toliar applications
may be 4 more ecconomical aliernative to
soil application. In one triad highest vields
were  obtained  with three toliar
appheations of 0.1 percent B in solution,
equinvialent to about 1 percent Borax or 0.5
perceny Solubor. Concentrations of (1.2
and 0.4 percent B resulted insevere toxieity
symptoms and vield reductions,

Phosphorus fertilization
Phosphorus is the main  clement himit-

ing bean production in many soils of Latin
America. Figure 27 shows the response of

(]

ey e e ey
o

= 1.5 i
= &

;} 1.0 f 1
< ! b

= i \
=3

\
*
=4

Red beans (2
o Buck beans (1)
® Manp heans (1)

0 1 -
1 2

B oapplicd (hptha of Botay)

Figure 20, Effects of soil applications of B on yields
of twa red and 11 black bean varicties (Phaseolus
vielgariy) and one mung bean ( Phaseolus numgo).
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Figure 27. Response of Porrillo Sintético bean to
several levels of P from four sources, Popayin
(1975A).

beans to P in the ‘extremely P-deficient
volcanic ash soil of Popayan. Using the
soluble  source triple  superphosphate
(TSP), highest yields were obtained with
300 kg P205| ha. With less soluble sources
suchas basic slag, rock phosphate and rock
phosphate 20 percent acidulated with
sulphuric acid, beans responded to up to
400 kg P20 5| ha. Basic slag was the most
effective source when all “ources were
broadcasi and incorporated. Band place-
ment of TSP would probably have im-
proved its efficiency. Rock phosphate from
Huila was the least effective source, but at
high rates, it was dcfinitely beneficial and
cconomical. The partial acidulation of
rock phosphate increased its efficiency to
th~t of TSP. This treatment, which can be
dore on the farm, increases the cost of the
fertilizer from Col. $4.6 to Col $9.5| kg
P>0s but makes it a very attractive P
source in comparison with TSP which
presently costs as much as Col $24.5 kg
P20s (Figure 28). Basic slag, being ex-
tremely effective as well as cheap (Col
$4|kg P209) is the most economical
source, but its production is limited and
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can’t satisfy the present fertilizer P
requirements,

Two additional
magnesium phosphate and rock phosphate
plus sulfur were studied. Yields with fused
magnesium pPhosphate were not
significantly different from those with
TSP, and the rock phosphate + S mixture
was  not much different from rock
phosphate alone. These two sources are
thus not shown, A correlation between
bean yield and percentage of P in the upper
leavesat time of tlowering showed 4 critical
P content in the leaves of 0.35 percent.

sources, fused

Nitrogen fertilization
Previous trials by INIAP established

that nitrogen is the major limiting element
for beans in Boliche, A cooperative trial

/’1\'1/7

Lo

§ ————42 Basic slag
o Rock phosphate (20¢; acid)
a 'l'r'iplc superphosphate

® Rock phosphate (Huila)

|
0 300

Net return from fertilization {$1.000 Col.| ha)

300 400

-

P applied (kg|ha of P,0,)

* Figure 28. Net return (Col.S) from bean fertiliza-
tion with various sources and levels of P, Popaysin
(19754).



was established to study levels. sources,
times and methods tor applying N. Levels
as high as 800 kg N|ha were used to
determine possible negative effects onvield
as well as to determine the true vield
potential of Porrillo Sintético under the
favorable  climatic  cenditions  of  this
station. Figure 29 shows that a maximum
vield of 3.76 tons{ha was obtained with
this  bush bean variety, and that N
fractionation had no positive etfect on
vield. This corroborates results reported in
the 1974 Annual Report. Figure 30 shows
no significant differences between urea and
ammonium sulphate, but indicates that
hand placement was considerably inferior
to broadcuast applications at all N levels.
Beans responded positively to rates as high
as 200-200 kg Niha, with no negative
response up to 800 kg Niha.

N x P interaction

The cffect of N and P fertilization on
vield and protein quabty of three bean
varicties was studied in four locations
during two semesters. The vield responses
of the vanety Tut in Popavan, La Zapata,
and Carimagua are shownn Figure 31, In
the high organic matter, volcanic ash soli

= | ; |
= ! ! :
= i ! }
Y —
2 : ; |
z i totid applied at <ceding i
é‘ o 1i2applied at seeding and !
=1 122 days later 77T

| |

i i

! |

i R e

S0 100 200 456 800

N applied (kg ha)

Figure 29. Response of Porrillo Sintético bean to
several levels of N applied at seeding or as split
applicatiuns, Boliche, Ecuador (1975A).

Band apphed

Broadeast apphed

Bean vield (tons! b

@ trcd

O wmmonwm sullite

L o

0100 2000 400

P B
K00

N applied (k2" hay

Figure 3. Response of Porrillo Sintétice bean to
several levels of Noas urea or ammonium sulfate and
applied by banding or broadeasting,  Boliche,
Fcuador (1975A).

of Popavin beans responded principally to
P and only when the P-need was satistied
wis there a clear response to N, In the
highly infertile oxisols of Carimagua beans
responded principally to N, and only when
the N-need was satisfied was there a
response to PooIn the volcanie ash-
influenced soil of La Zapata, with in-
termediate organic matter and low P
content, beans responded equally wellto N
and P. In 2l locations, maximum response
to P was obtained at the high N level and
maximum response to N was obtained on
the high P level.

Agronomic practices
Time of seeding

The time of seeding trial in Popayan
reported in the 1974 Annual Report was
continued. Figure 32shows that with inscet
and discase control, excellent yields can be
obtained sceding beans from December
through March when monthly precipita-
tion is about 150-200 millimeters. Ex-
tremely poor yields were obtained vith
scedings from May through October,
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Figure 31 Response of hean variety 1CA Tuj 1o

because rainfall was limited from May 1o
August but excessive from October 1o
December, With the exception of seedings
in March and April. insect and disease
control wias essential for reasonable vierds,
In the second semester. high rainfal]
increased anthracnose to the extent that

a wth insect and disease control

without control

Dry bean vields (tons! ha)

Jui
1974

Mar May

Maonth of seeding

Figure 32 Effect of month of seeding on yields of
bean variety 1CA Tuj grown with or without control
of insects and discases, Popayin (1974-75),
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kg P Ogiha kg PO by

Nand P at P()pl.l)';ill. La Zapata and Curimaguy,

practically no grain could be harvested. It
is possible that insect populations and
disease infections built up more severely i
this experiment than s normally  en-
countered when beans are seeded only onee
or twice a vear. The jesulrs may thus
represent an extreme situation Fhev do
indicate, however, that commercial hean
production is most likely to be successiyl
during first semester plantings.

Mulching

Two traly were seeded at CIAT to study
the effects of mulching with erdp residues
on weeds, soil temperature, humidity,
furtility and vields of beans. Table 4] shows
that highest vields were obtained witha soil
cover of maize residues. rice straw, and
dead  Amaranthus  weeds, The latter
sigmeficantly increased the soil P and K
levels. possibly chminating p deficiency
(critical P-level insoil isabout 15 ppm). All
mulch treatments greatly reduced weed
growth, plantain leaves being most and
Amaranthus lcast effective. The treatments
decreased soi! temperature about 22,50
but had little effect on humidity,



lable 4

Lffect of soil cover on production of heans, weed prowth and soil characteristics,

Sl inalvses?

Bean vield Weeds Solltemp? Sail
Freatmient ftons ha) (e m’) () humidity (4 1 tppm Py ameg K100 pin)
Weedy check 180 Qs N 0.8 126 0.4
Weed-tree check RN 292 6.2 TR -
Maze residues 200 208 M2 211 ths 144
Rice stras 208 RR1Y M0 208 144 14y
Plaintivi feaves I ud Isd 24.0 20.6 138 0.40
Sugarcane leaves (N KIS} RS 0.7 127 0.71
Diead weeds
(Amaranthus) IR TN 252 217 RN 0.71
.v:v.m”-n At e ok
Whtis gt 0o Gtk
Contact  herbicides  for  hastening  bean variety were used. T'reatments includ-
maturity ed no weeding, one or two hand weedings

High raintali during maturation can
cause plants to resprout and reflower at a
time when previously formed pods are
drying. The newly formed leaves prevent
the proper drving of these pods and pod
rotting may result. Under these conditions
the application of a contact herbicide like
paraquat can ncrease defoliation and
hasten maturity.  One  application  of
paraquat (157 10-20 davs helore burvest
wits  the  most beneficial  of  several
treatments and had no detrimental effects
on seed germimation of the two varieties
tested.

Weed co.rol in beans

Maize or beans grown alone were
compared to maize and beans grown in
association. to determine whether weed
control inputs were cquivalent in the three
systems.

Maize and heans were planted on the
sime day in beds LS meters wide with
cither two rows of minze and three rows ol
beans or two rows of matze and one row of
heans per bed. A hrachty maize and bush

and use of a pre-emergence herbicide,

Fwenty days after planting there were
fewer weeds in the monoculture bean plots
than in the maize or maize and bean plots,
retlecting the competitive ability of a dense
population of beans (240,000 plants| ha).
Fhis relationship persisted until harvest
(Table 42). Intercropped muaize likewise
hud fewer weeds than maize alone. For the
weed species present. one hand weeding
gave adguate controlimall svstems. On this
hisis, there was no advantage to inlcrcmp-
ping. :

Bean viclds were reduced 83 pereent
hoth for beuns alone and associated with
maize. when no weeding was performed,
Yiclds of monocropred maize were reduc-
rd 08 pereent when not weeded. while in
association with beans, te loss was oniy 47
percent. Fhis suggests that maize is more
tolerant of competition from heans than
trom weeds.

Another trind was conducted 10 deter-
mine which herbicides can be used safelyin
4 maize-bean association, Maire (hvbrid
H-253) was planted and nine herbicides
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Tabled2,
along or intercropped.

Effects of weed control method on weed numbers and control and crop vie

Ids in maize and beans

Popublittion* (na.ym?)

Yield (tons ) ha)

Intereropp,

Weed contral T
sValem Mz Beans Intereropped Mise Beans Mg L
One hand weeding 43 [N Ri1] 54 177 27 n:_.;
Two hand weedings 29 Iy 20 55 1.7z 20 P
Herbicides 20 i (] S [0 RIS i e,
Weedy check 120 hR [ [ 0.30 16 i n

. Weood population Harve gty

were applied. Beans (variety Calima) were
planted two weeks later. All treatments
except DNBP pave aceeptable  grass
control, while broadleat control was less
etfective (Table 43). No herbicide caused
any observable injury to either maize or
buans.

Plant density studies

Bush beans

In experiments on appropriate planting, .

densities for bush beans. vield plateaus

liable 43,
Brown in association,

Effect of nine pre-emergence herbicides on pereéntage weed control and vield of maize

were observed for densities aboye 200,000
plantstha. This plateau wasx mdependent
of plant tyne ynd planting system kg, 33y,
row distance (Fig. 34). and bean variety
(Table 44). Yields from 2 1o more than 3
tons| ha were obtained. The results con-
firm information presented in the 1974
Annual Report, Againg only  limited

variety|density interactions were found

among the varieties and systems tested.,
Populations  Josses during the growing
season complicated  the eviluation of
response to planting density’ in bush beans,
In'one trigk estiblished densities of 20, 40,

“e

and beans

o

Yield (ronstha) -

Grass Broadleiti -

Rate contral* control** _ )
Herbicide (hgfha) ) i) HReans M.;m;
fluorodifen 15 - NS 78 S99 RO
tinuron 1.0 90 a0 886 27
cloramben kYY) S0 ol - .4"775 18
DNBP 30 20 90 N 1y
tritluralin 1.5 90 S £50 3.2
dinitramine 0.75 70 70 935 12 .
butralin 1§ 90 "80- KBS- T 287
penosaim L5 85 o ELRAT 13
H-22234 30 80 60 940 12
Weedy cheek - 0 0 165 UV

S At dass atier apphcation Predommant species were

B0 davs after apphuation l'u.-mnmn.lm
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Faeure 33 Yields of two bean varieties at four
densitivs in two planting systems, CIATLL

60 and 8O plantsim® were reduced to
approximately 14,26, W6 and 46 plants ! m?,
respectively, at harvest,

Climbing beans

The need tormore detinded evaluation ot
planting density i chimbing beans wins
stressed n the 1974 Annuadl Report,
Results this vearconticm the need tor phant
densities lugher than those conventionally
used. but suggest that desirable planting
densities are than the 40 1o 80
plantsim orginadly considered. Under
farmers” conditions, 1t common to plant

fess

Fahledd

ha

Boan vicid tions

b
! !
il ; ;4 S35 em betwedon toas
{ i
N U VTS N S i
200 408 600 KOO 1000 1,200 § 401

Plant popualation o1 000 L

Freute M Yields of Porrillo Sintetico at two row
spacings and four plant densities, Boliche, Leuador,
(1974B),

both maize and beuns at o maxumum of
0,000 plantsy ha. Lo evaluate this practice,
matize was planted ata constant density of
0,000 plants, ha with bean densities
ranging from 40,000 to 320,000 plants| ha.
fhese  treatments were compared Lo
monocrop  beans planted  on a trelhs
support svstem of bamboo wireand twine,
over the same range i densities. In this
svstem there wias one meter hetween
tredlises and two rows per treths, Biguge 35
shows o reduction in maize yield with
increasing bean population, as well as an
mereise 10 maize vield when hoth craps
were planted  at 40,000 plants|ha in

Effeet of plant population an the vield of beans of nine promising saricties, CEATL

Yaeld (tons " h

Plants ha o 200L000G 300,000 400,000 Avp
1CA-Puaa R B L REV v
73 Vut 6586 325 .02 RAIA 3o
141-M-) 127 512 292 30
[ 25K 282 254 255
Porrdle Sinténieo 2 66 2 270 255
6530 var. 51052 270 24 24 2.45
73 Vul 638y 271 2.60 208 247
Porrtle = | 221 242 URD 2.35
150-1-1 194 1.77 1.65 .79
Avg. all varnietes 272 254 2.51

-
0
:Jo



v Climbing bean (IP259-A) associated -
with maize
¥ Climbing bean (1259-A) in monocrog
0 Maize (1CA H-207) with beans at
4 densities ]
o Maize (1CA H-207) in monocrop

Yield (tons | ha)

L]

40 80

Bean plant population (1.000! hay

(Maize density unitorm at 40,000 plantsiha)

Figure 35, Yields of bean and maize in monocrop
and in association at four bean densities.-

association.  There is no apparent
system|density interaction, as the bean
yields in both monocrop and associated
crop systems were highest at 160,000 bean
plants|ha. The difference in bean vields
between the two systems was significant at
all densities. Figure 36 compares vields for
maize and beans when four maize types
were used as supports for the Chilen
aricty P259-A. Yields of this variety in
monocrop leveled at 2.0 tons| ha.

In agronomic trials comparing maize
versus trellis or stake support svstems,
total crop value of beans or beans plus
maize increased appreciably at higher
plant densities, and were almost indepen-
dent of the crop system (Fig. 37). Max-
imum crop values were obtaired from the
monoculture system at bean densities over
80,000 plants|ha, and from the maize|-
bean association at bean densities over
60.000 plants/ha. Net profit from these
systems is a function of costs of the initial
installation (monocrop climbing beans).
sced (varies with density), planting and
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crop protection, and harvest (partially a
function of yield). The number of czops per
year depends on availability of irrigation
water and labor to instal] the system. It is
probable that small farmers with limited
resources could profitably utilize cither
moncecrop beans on artificial supports or
associated maize and high-density beans o
achieve high returns from family laborona
small area. The carly harvest of maize as
green cars would facilitate more than the
normal two crops cach vear.

Multiple cropping

Research on the bean| maize system
produced tentative conclusions on relative
planting dates, densities, spatial orienta-
toa of plants. and design of the system,

i' T R [
CYields of mae pes used as support N
1O H-207
fe==1CA H-210 N
§— Moditied dwart (l;lll)
== Modihied dwarf (shory) )
P=== Yields of bean (P-2594) in =
Il monocrop

=== Yields of bean (12-2:594) Ussockited -
’ with muze tave. of 4 mawe types)
*T-ﬁ—‘—kﬁ_ﬁ

Yield (tons hay

Plant population (1000} ha)
(Maize density increases 121 with bean density)

Figure 36, Manocrop yields of beans and vields of
intereropped beans and maize at four plant densities,
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Figure 37, Value of maire and beans mostocropped and in association for several plant densities.

The optimum planiing date for bush beans
(200,0001 ha) is 15 davs before maize
(40.000] ha), at CLIAT. In this association.
bean vields were not reduced significantly
from the monocrop level. nor was maize
vield atfected. This relationship must be
tested at higher plant densities and vield
levels. Preliminary observations of climb-
ing heans  with maize indicate that
sitnultancous planting is optimum for hean
production, with only a minimum effect of
competition on maize Vields.

AU u given density, maize planting
system and spatial row arrangement were
shaown 1o affect bean yields (1974 Annual
Repert). To further reduce the effect of
maize competition for light, trials are in
nrogress to iatercrop paired rows of maize
with four rows of beans. Climbing beans
still have an adequate support system,

being at the most only 40 centimeters from
the maize rows,

The elfects of crop association of fall
army - worm  (Spodoptera  frugiperda)
attack in maize are illustrated in Figure 38,
The association of maize with bush beuns
planted six days before the maize retarded
infestation. compared to the maonocrop
maize check. With i climbing bean planted
seven days after the maize. this difference
was drastically reduced. This same pattern
of differential infestation persisted over
three consecutive observation dates, and
cven after the Spodoptera infestations had
been  chemucaily treated. This reduced
incidence of a principal maize inscet may
be one of the reasons small farmers use
these multiple cropping systems to assure a
harvest and minimize risk at low levels of
technology.
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Figure 35, Fall aemyworm infestation in maize at three ages, in three cropping systems, CIAT,

COLLABORATIVE
ACTIVITIES

During 1975 the CIAT
Trustees agreed 1o the proposal by the
Technical Advisory  Committee of the
Consultative  Group  for International
Agricultural  Research  that the CIAT
Bean Program coordinate the establish-
ment of @ Latin American Bean Research
Network. With this goal in mind. the Bean
Program has accelerated its collaborative
expermmental program and has established
firm contacts with most rational bean
rescarch programs in Latin America,
Activities during 1975 have been in five
areas.

(1) Training: During the wyear, the
program received three post- and two pic-
doctoral students, three students jor the
MS degree. and a total of 13 other
postgraduate becarios. For the first time,
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Board of ‘

five becarios from the same country were
trained at CIAT as a multidisciplinary
group. An intensive onc-month tr. ¢ o
course in bean production for exper-

tal studies, is planned for 1976,

(2) Documentation. Documentation of
available  bean  literature  was again
emphasized in 1975 with more than 1.000
cards distributed to over 320 scientists in
the bean research field. Literature on
symbiotic nitrogen fixation continued to
be distributed by the microbiologist.

(3) Conferences. Two conferences were
organized during the vear, the first on bean
breeding and germplasm, the other on
aspects of plant protection. A major result
ol the breeding-germplasm workshop was
a better definition of how CIAT should
manage its breeding program to satisfy a
multiplicity of demands from national
programs (see page C-11). Details for an
international series of variety trials were
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also  presented  at this meeting, and
accepted in principle (see Tabie 40). This
will begin when sufficient clean sced
becomes availuble 1n 1976,

{4) Review meeting, An external review
of the Bean Program was held tfrom Oct.
21-23, 1975 Current rescarch. research
trends  and  stafting  pattern and
quirements were reviewed by a committee
i1 which Latin Americans predonunated.
and  where the major guestion to - be
answered was the relevance ol the CLA
program to other arcas of South and
Central America.

re-

(5) Collaborative research is under way
in several countries of South and Central
America, and reterred to frequently in the
preceeding text. Major activities have been
the varwetial evaluations i Ecuador: rust
resistance nursery sereening in 14 coun-

tries: the evaluation of golden mosaic
toleranee in Guatemake and Rhizobium
and fertilizer studies in several parts of
Colombi. 1CA and the Seeretaria de
Agricultara del Cauca both were promi-
nent in these studies, The agro-cconomic
study reported on page C-3, depended
heavily  upon  support  from  several
collaborating institutions.

Additional collaborative projects with
weveral developed country institutions are
under way, generatly, in arcas where the
CLAT program has insulTucient equipment
or expertise to undertake the studies, Thus
students at Cornell University are studying
stability of growth habit in beans (1974
\nnual - Reporty and  photoperiod-
temperature interactions, Michigan State
University and Hokkaido University are
also involved in this program.
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Swine production systems

HIGHLIGHTS IN 1975

During 1975 there was a basic change in the orientation of CIAT's Swine Program
towards a new philosophy emphasizing training and international cooperation activities,
The basis of research activities in the program’sexperimental farm unit has been the s.udy
of the major limiting factors in relation to the efficient utilization of potentiully available
feedstuffs for swine preduction in Latin America, Nutritioral research on the utilization
of cassava, rice meal or polishings and opaque-2 maize in swine feeding systems has
received priority. The practical evaluation of these feedstutfs has continued to be oriented
towards the development of integrated life-cycle feeding systems. This year experimental
data on the use of cassava meal ard opaque-2maize have been completed through onelife
cycle.

Upon terminating the long-term rescarch on the performance of native pigs, an
improved breed (Duroc). and their respective crosses in tropical zones, information has
been completed on the performance of two consecutive litters and on the evaluation of the
carcass quality of the animals reaching marketing weight. In both litters., the performance
of native pigs was lower than that of either improved breeds or crosshred pigs.

ln animal health the main objective was the cconomic evialuation of health problems
affecting swine production. In addition. the Animal Health Unit continued to buil. up
basic information on the main discases affecting swine production in different arcas of
Latin America in order to establish priorities for future research prior to the development
of cconomic preventive and| or control methods.

The Swine Program has strongly supported elose collaboration with nationai programs
in Central and Scuth America. where the potential of swine production is being
evaluated. Training activities have been directed mainly at training professionals from
CLAT's cooperative programs in Latin America; cight professionals received training in
swine production :n 1975,
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SWINE NUTRITION

Cassava

When tresh cassava is fed free choice to
growing pigs, its consumption is limited;
thisic one aspect of swine nutrition that has
not been satisfacionihy solved, Palatability
has been mentioned as one of the possible
causes for the low consumption of fresh
cassava. In the 1973 Annual Report.
mention  was made of  the marked
differences in consumption of {resh sweet
and bitter cassava by finishing pigs.
Hydrocyanic acid (HCN). present in smail
quantities {50 to 100 ppm) even in sweet
cassavi roots, could affect palatability In
recent studies with growing-finishing pigs
fed fresh cassava mixed with 15 pereent
sugar or molasses, it was found that
palatability was slightly better than for

fresh cassava (Table 1). The intake of

protein supplement was less (9.85 vs 1.02
kgianimal|day) when cassava was mixed
with sugar. Although there was still an
excess in protein intake, the sugar- or
molasses-cassava mixtures provided a

better energy| protein balance than the
fresh cassava alone.

In addition to its effect on palatability,
the presence of HCN or cyanogenic
compounds in cassava rations mav have »
toxic effect onanimal nutrition. Trials witn
laboratory rats fed bitter cassava meal-
based diets (600 mg HCN| kg dry matter)
showed that during the gestation period
the placental barrier protects the fetuses
from high levels of eyanide or its principal
detoxification  products,  thiocyanates
(1974 Annual Report). In order to study
the possible toxic effect of high levels of
cvanide 10 dicts for gestating sows, an
experiment was carried out using fresh
sweetcassava plus » protein supplement, to
which increasing tevels of HON (0, 250 and
500 ppm) were added in the form of
potassinm  cyanide. There were  slight
metabolic  alterations; nevertheless, no
adverse cffeets on fetus viability were
observed.  Further observations made
during the lactation period of these sows
did not show the presence of residual
effects from these treatments made during
gestation  that could affect the later
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Table 1.
15 percent molasses or sugar,

Performance of growing-finishing pigs fed a protein supplement free choice and cassava mived with

Cassiva Clusnavit + Cansava +

Parameters® alone mokisses sugiar
Danly gain (kp) .69 0.72 074
Daily teed intake (kg)

Citssatnva 299 3.37 KR

Sapplement (4007 protein) 1.02 0.492 0.8%

Lotal Dy matter 203 2.7 207
lFeed | gain 297 316 2.93
Daily niotein intake (kg) 0.54 0.51 046
Daily digestible encrgy

intake (keal) 827310 R¥50.50 8.707.30
Pereentage of protein intake?* 21,45 20,44 1898
S Mean of 12 pipsoper treatment ¥day tral o il WEBG 219y Load weieht AT kg fan tie Contrd e

0 Hased onadn mater

performance of either the sows or their
litters,

Because  of their  high HON  or
cyanogenic glucoside content. care must be
taken when using bitter cassava varietics
because of their possible toxic effeet. The
preparation of cassava meal reduces the
HCN  content and thus considerably
diminishes the limitations found when
using fresh bitter cassava. Nevertheless,
pigs fed diets pased on meal made from the
bitter cassava  variety  CMC-84 {73.8
percent) had a lower rate of gain (0.50 vs
0.59 kg|day). consumed less feed (1.47 vs
1.67 kg|day), and had a lower rate of feed
efficiency (1.32 vs 1.5 feed| gain) than pigs
fed diets based on meal prepared from the
sweet cassava variety Llanera (73.8 per-
cent). Judging from the analvtical results
of these meals. lower performance could he
partially due to the higher HCN or
cvanogenic glucoside content of the bitter
cassava meal.

Experimental results obtained thus far
suggest  that  palatability factors and
aspects of nonlethal toxicity from residual
HCN could be responsible for the lower
performance on bitter cassava meal-based
diets. In order to detoxify the cvanide
D-4

10N, it IS necessary to have a dietary
source of sultur  that will  permit the
conversion of cyanides into thiocyanates
{TCN + S—~SCN).

Enorder toassess the efficiency of several
sulfur compounds, a trial was carried out
with growing pigs fed diets based on bitter
cassava meal (70 percent), supplemented
with methionine (0.2 percent). sodium
thiosulfate (0.79 percent) or clemental
sulfur (0.2 percent). Supplenientation with
methionine gave the best weight gains., with
a daily feed intake similar to that of the
control{Table 2). The other two sources of
sulfur gave slightly lower results as regards
weight gains: but the feed conversion for
pigs on the diet supplemented  with
clemental sulfur was similar to those
supplemented  with  methionine.  These
results confirm previous experiments (1973
Annual Report). in which the addition of
methionine improved the quality of the
protein in cassava meal-based diets sinee
cassava is most deficient in this amino acid:
besides it permits the adequate detoxifica-
tion of the cyanide or cyancgenic glucoside
stil present in the meal. The addition of
clemental sulfur apparently gives similar
results --at least as far as feed conversion is


http:8."67.30
http:S.273.10

Table 2,
of prawing-finishing pigs.

Effect of the addition of sutfur compounds to a bitter cassava meab-based dict on the pertormance

Ritter cassava meal-hased diets

CTe DRI
X sondin clementad
Pararaciens® Cantrol mcthiomne thiosuitate NI
Daly wain thn 06" 070 0 6 0.63
Dhady teed mtake they*® (Y [ 5N 1.6
Feed gan®” AR A 2 2
SONLan ot Tt et e st d2aday triak e et wehs 1Sy g B vt S0 T

* Haaed o st e

concerned  under the conditions of the

experiment.

CINTs Cassava Production Systems
Program has conducted o series of ex-
pernnental trials designed to study cassava
starage and its eftects on the biochemical
and biophyvsical changes that occur during
storage in ield clamps or in storage boxes
(1974 Annual Report). Incooperation with
the Swine Prograni. a nutrivve evaluation
was made of the roots stored i nicld
clamps for a minimum of two weeks hefore
heing ted to the pigs. Thestored rootswere

Fable 3,

chopped daily and given to the pigsinopen
teeders. A protein supplement (40 pereent
crude protein) was available ina separate,
automatic feeder. Althongh the resufts
obtaimed were from a reduced number of
animals  during a0 short experimental
period 28 davsyand must be contirmed on
a lge scales there are certain tendencies
thit  should be consdered  for tuture
rescarch Phere was less coasumption of
stared cossava than treshyand less bitier
cassinva feither fresh or srorad) was
comsumed (Lable 3)0 This hmited con-
sumption ol cassava was compensated tor

Effeet of field clamp storage on the nutritise vatue of sweet and bitter cassava for growing pigs,

Fapormicntad viatrables

SULCT Lt Bhitter cassava
(M Ol 2 (CNTC N
Parametes® bresh Stored tresh Stored
Dev matter contentan roots ¢ 4 0.4 KA n.s 3.7
Averaee dany mtake th
Cansana 190 1.O8 .61 1.43
Protein supplement*** 0.51 0).491 .51 ) 87
Poral dov matra 1.27 1.56 130 [BRA]
Dy gain thy 0.587 0.75 0.63 .06
Feed feain thised on dry matter) an 206 2.07 203

* Aenn ol three pres 2K-das trial

o0 Dy mattsn cantent was cohudated dabo i sampics ob chongod casseg durmge the thind sweed of the tal,

et Pl protem snppienent cotnaetiod 30 pencert crude pretem and =s

L2 pereent dey nnattey
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by a greater intake of protein supplement
so that the total dry matter intake was
similar for all groups. The performance of
the growing pigs was acceptable in all
groups; however, pigs fed stored sweet
cassava had the bust gains. partly because
they consumed more of the protein
supplement. The differences in texture and
the poorer organoleptic quality of the
stored roots apparently affected aceept-
ability. It is necessary to add that as the
feed conversion Jata on the basis of dry
matter refer to a short experimental period
(only four weeks), they do not reflect the
results that could be obtained during the
growing-finishing period (weaning to 90 kg
liveweight).

Samples of sweet (M Colombia 1148)
and bitter cassava (CMC-84) varicties,
stored in field clamps or storage boxes for a
two-week period, were sliced, oven dried at
65°C, and then ground into meal. In an
experiment with laboratory rats, it was
found that storage in either system did not
affect meal palatability, growth perfor-
mance, feed intake or efficiency.

Whole grain maize and sorghum

Several experiments were conducted 1o
test the utitization of whole grain maize

lable d.
growing pigs,

and sorghum in order to climinate the
problem and cost of grinding, which is one
of the most limiting factors on small farms.

In the first experiment. a mixtuie wis
ased of #0 percent whole grain maze wng
20 percent protein supilement based oy
either soybean, cottonseed. SUSAMLC sed,
meat or fish meals (Table 4). The Lrowi
pigs respond .d better when the Midize Wi
ground and mixed with the other in-
gredients (control diet). Intake of whole
grain maize was eonsistently lower. and the
animals wasted a lot of food trying to
separate the grain from the supplement in
order to const.me more of the latter.,

Fo climinate sonie of the problems
encountered.  another experiment  way
carried out, in which the whole grain maize
was soaked in water for 24 hours in one of
the treatments. In addiion, the protein
supplement was fed free choice in separate
feeders (Table 5). There was a greater
consumption of the soaked maize. but
there was an, excess of protein intake in
both cases, especially by the pigs fed the
dry grain. Performance impioved when the
whole grain maize was soaked. but it wis
not equal to that of ground maize,
especiaily when it was mixed with the other
ingredients in the control diet,

Effect of whole grain maize-Sased diets with different proteii supplements* on the perfertance of

Daily average

Gain Feed Feed]
Treatments*> thy) thg) gain
Ground maize - sovheans 0.72 1.92 2.67
Whole grain corn plus
Cottonseed - meat - fish (.55 .48 '_’.()9.
Cottonseed - sesame seed - meat 0.3y RE) 343
Cottonseed - sesame seed - meat - soy beans 0.47 1.54 128
Sesinme seed - sovbeans - meat .82 76 RIRE
Cottonseed - sovheans .56 1.70 o3

* Lhese supplements were ted i the term ot neal or cubhe. i ditterent Mepettons according te the swpplement used

** Mean of cight paes ped treatment, 49-day trial; av intid woight, |99 g v tinal weight, S84 ke tor the contint group
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Lable S
of growing pigs.

Effect of feeding dry and sosked whaole grain maize plusa protein supptement* onthe petiormance

Whole gram nawe

Control Ground

Patameterss® (Maize + SBAL Jnlize Soaked®=* Dy
Dhaily gamn (hyp) 0.82 0.76 (VN 0.68
Dy teed intake they

Mawe - 202 [ .31

Supplement - 043 0.5 0.66

Potal RN 245 217 b7
Feed fpain MU i 10l 290

* The protzinsuppicrent which coatanad 30 percent crade protem was ted ree Chosce imseparate loeders

T Muan o 1 s per treatinent. 28day trink oy il weght BEN AR 1 faal weehl oo kg

¢ Hased o nrdned teed

On the other hand. there was not so
much difference in pig performance on
whole or ground sorghum. Besides. protein
consumption and feed waste were lower in
the sorghum-based diets (Tables 6 and 7).
Gains, as well as feed efficiency, were

comparable. There was a slight excess of

protein supplement intake by the pigs ted
the dry grain; but ia the other treatments,
the consumption of the supplement was
within the normal range for pigs of that
age.

Tabic6.

Rice meal (braas and| or polishings)

During the last few years, rice produc-
tion has increased considerably in most
I atin American countries; consequently,
the availabibty of its by-products (meul.
bran andjor polishings) has grown apace.
In many regions, the prices of rice and its
by-products compete favorably with the
cereal  grains (especially maize and
sorghum) traditionally  used in animal
nutrition, However, the utilization of rice

Effect of feeding dry and soaked whole grain sorghum on performance of growing pigs.*

Dwly nverage

G beed Feed|
Treatments (kg k) ain
Ground corgium = protein supplement 0,68 203 2.99
Whale grain sorghum « protein supplement

Dry - fed separately - ad libitum 0.66 1.93 293
Dey - mined - controlled 0.00 197 32K
Diry - mused - ad hibitum 0.6! [N 115
Soiked - ted separately - ad hbitum 0.65 1 RR 2.90
Soaked - mined - controlled 0.54 1.82 31.3%
Soitked - mised - ad hitum 0.66 2.4 R 1]

. Mean of cight pigs per treatneent. 49-day trind; o it weeht, 125 kpoav hinad weipht, SOO ke tor the contial proup



lable 7.

Effeet of feeding whole grain sorghum plus a protein supplement* on the

performance of growing

pigs.
Whole grain sorghum
Control
(Sorghum Ciround

Parameterss» + SHAY sorghum Soithed*r* i
Daily puin k., 0.66 0.69 0.66 i
Daily feed intake (hy)

Sorghum - 1.58 1.55 .37

Supplement - 0.49 0.4% 0.53

Lotal 204 2.07 203 190
Feed | gain 0 o0 07 YK

* The proten supplemsnn, which oo i 30 percent - ede P s T free chonce 1m sepatate feeders

Mo of g Pertreatent d9-day teial; oy ot Iy b hnad wogt S b

S0 Hased op i dred feed,

does not generally give the results expected
since high levels of rice meal in diets
adversely affect weight gains and feed
cfficiency  in growing-finishing  pigs.
Among the possible causes for this limited
performance are the level of fiber content
(hulls), the availability and balance of
amino acids (protein quality). the interac-
tion of minerals, and the effect of pro-
longed storage (rancidity),

The cffect of fiber content had been
studied previously (1974 Annual Report).
In the carlier experiments the amount of
protein in the experimental diets was
variable: but in the present experiment, the
content of soybean meal (SBM) was

adjusted to obtain isoproteic diets {N x
6.25). thus climinating the factor of protein
quantity as a possible variable. Gains were
practically identical for allgroups. but pigs
fed rice mea! with ground hulls added
needed to consume a greater quantity of
feed daily to obtain the same weight gaing
(Table 8). The reduction of the digestible
energy content of ihe diets containing rice
hulls can be seen even when small pereen-
tages were added.

These results and  those previously
reported (1974 Annual Report) suggest
that the yuantity of supplementary protein
(SBM) in dicts with 60 percent rice meal is
apparently not a factor of prime impor-

Lable s, Performance of growing pigs fed isoproteic diets based on rice meal containing different lesels of
hulls.*
Rice meal (7)) 60 54 48 42 RIY
Rice hulls (1)) - 3 12 % 24
Dhaily vain (kg) 0,64 0.64 064 .64 0.64
Daily feed intahe (kg) L8] 1.87 .08 1.97 2.05
Feed | gain 284 291 317 07 RN
Digestible energy (keal ! kg DAY 3504 RIARK! 2971 2849 2,586

M Mean ot ten pigs per tredtment; an imhal weght, 178 hgsan tinal weight, S2K A
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Labley.
supplements,

Performance of growing finishing pigs fed rice meal-based dizts with different protein

Dhnly averaee

Dicaary treatments

Crin (hei

Feedintab etk I‘VCL‘«H}'.;HH

Control maze » sovhean meal
Rice meal (604 plus

Sosbedn med!

Fish micad

Mueat meal

Fash meal » cortanseed meal

Hl A R
(I 189 R
th b X H 103
0 Gl |93 3108
et 2 R L

LAY INCER IR P

tunce in the depression in performance
observed in crowing pigs. Inorecent
experiments, the combination of rice meaul
with protein sources other than sovbean
meal were studied in growimg-finishing

pigs in order to assess the possible etfect of

the supplementary protein quality, tnapite
of the tact that performance with the
protein sources other than SBAN w.
better. it was not equal to the control diet
ol common maize plos SBAM (Tabk 9,
Dicts supplemented with animal protem
were consumed at leveis that were com-
parable to the control dict and feed
etticiency was similar. iese ditia sugpest
thut protemn quahty may be one ol the

Pahlc o
prigs.*

P R LR S ST O

[ RRIEREN

limiting factors i the etficient use of rice
mreis. On the other hend. it has been found
i rree meal-based diets (exeept tor studios
on the effect of addine hulls) that the
consumption of feed 1s consistently lowe:
than for the control.

In order to study further the possible
eftect of protein quahty, an experiment
wis carried out with gvowiag pigs fed a
hasal dict compuosed o 60 pereent rice meal
and SBM supplemented with the amino
acids Ivsme and methionine (Table 10),
Fasine  supplementation produced  an
adverse etfect. whereas the addition of
methionine produced eains similar to those

Eofect of Iysine and methionine supplementation on the utiization of rice-based dicts for growing

[ERTHANTSR ALY
Feed mtahe

Lrcatments” Gian (hgy (hyy Feed fgain
Contral: muatze + sovhean meal 0.65 182 281
O nce meal - sovhean mead + 0.61 1.70 2N

15 bosine 0y 5> .60 286

015 ethioming .03 1.71 272

015 hvsine = 018 methionine 0.01 1.76 RV
O rice mical ¢ Lish meal 02 .ot 2 6]

¢ Moan

S0 Lweprotoc et daloated tooonppty The pescent nade protern

sty por tetment 49%-das teral; ool wepbt,

P77 30 a0 bmsl weahit 3 bofar the vapttoag peonp
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ol the control animals and to those animals
led the rice meal-based  diet supplement-
ed with tish meal. Feed efficicney with
methionine or with fish meal as a source of
protein was better than that of the control
and ol the other treatments. This suggesty
that with rice meal-hased diets, greater
emphasis should be placed on the quality
of the supplementary protein than on the
total quantity of protein stpplied,

Another factor 1o be considered is the
quantity and quality of phosphorus in rice
meal and s possible effeet on the
calcium| phosphorus refationship in the
diets. In rice meal. as in the majority of
products of plant origin. most of the
phosphorus is found in the form of phytic
phosphorous which is. in the majority of
cases. unavinlable to monogastric animals,
Dicts  with  high  levels  of phytic
phosphorous tend to interact with other
unneral elements, especially zine, produc-
it insoluble zinc phytates, thereby reduc-
ing the availability of this minor clement.
Nevertheless, in a factorial experiment
designed to study different ratios of tota
Caltotal P and their interactions with two
levels of zine (50 and 100 ppm) in the form
of zinc oxide, no improvements in growth
gains were observed. In comparison to the
control group, feed intake on the rice-
based diets did not increase.

The experimental results obtained to
date suggest that the nutritive quality of
rice meal depends to a great extent on its
crude fiber content, which increases with
the addition of hulls. Good~uality rice
meals {i.c., low crude fiber content) can be
used at relatively high levels (40 1o 60
percent) as a principal source of energy in
dicts if good-quality protein sources are
used. Further studies need to be done to
clear up certain aspects of interaction
between amino acids in order to find a
practical solution to this problem, especial-
ly in regard to the supplementation of
methionine, which iy apparently  the
limiting am*no acid. The reduced intake of
rice nreal-bused diets suggests that certiin
D-10

physical aspeets such  ay consistency,
density and palatability should be con-
sidered to obtain the efficient utilization o
rice by-products in swine feeding

Opaque-2 maize

Most of the studies conducted previoas
Iy with opaque-2 maize hive concentrate .
anevaluating this product drring the
growing-finishing phases (1972 and 1973
Annual  Reports).  Nevertheless, s
nutritive value had not been determined
for the lJactation period when the protemn
needs are most critical hecase of the
additional requirements for milk produg-
ton,

Inu series of studies with pigsand rats, it
was found that when opiaque-2 maize was
used as the only energy source, it was not
sufficient for pig performance during
lactation. In lactating sows. the negative
effect was meinly reflected n weight losses
(Table 11). whereas in rats the mother, as
well as her offspring, was affected.

In these experiments five treatinents
were used with different combinations of
opaque-2 maize and three protein levels, In
two of these treatments, the diet was
changed at 28 days in order to evaluate
different feeding svstems during the first
half of the lactation period (56 days)
because of the difference in milk procuc-
tion during these two phases. As can be
seen in Table 1. there was a clear
nutritional advantage for sows that con-
sumed opaque-2 maize (9.5 percent pro-
tein) during the first phase and opaque-2
maize plus soybean meal (13 percent
protein) until weaning. Performance in
terms of weight gain for the sow and
performance for the litters were equal or
better than the other opiaque-2 maize
treatments in spite of the fact that tota)
protein consumption during lactation was
less, except for the group that consumed
onlv onaque-2 muyisze during the whole

™



Fable L Performance of lactating sows fed different combinations of opague-2 muize and protein.

Preatments®

Op- e Op2 v Op2? Op- -—e Op- 2 1 NBM
Caontrol Op-2 SHM SHM
Paiameter [RERNS 5 (R (R B | (S e LX)
Pavtatiae st
W1 Changes tha 013 BANY 7w NERE RN
Panby teed irake dher 300 476 537 488 5.58
Farrosomy dita
Nao s hitter t 87 0o . H.o 857 9.7
lodnvidual stk 113 [N 1.2 [.33 [.24
Latter wi e 1208 11.20 (RN 11.45 [144
Weamme data
Noopugsitter aN0 X224 943 8.00 i
Indrodual wiihin [N 1562 1o o] 17.62 17.44
Pateer w ok IBRO 12032 153t oo IRTENONS 149,21
S el T w e et e R T N S D LTI BSOS BRPRNRTTR 25 N P T S RTEN TR
FAANPAN T 26 B LTSN TS FR SAETTNE FRET N

SOOI m s e e S L e e

Cassava meal and opaque-2 maize in life-
cycle swine feeding

The evaluation of these feeds inoin-
tegrat & hite-cvele swine feeding was
contitued this scar. Deseriptions of the
sequience ot the experimental diets tor cach
of the ditterent periods of the life evele of
the pig. as well as results for the prowing-
finishing peniods. were woesented o the
1974 Annual Report. During this year the
complete  cvele. which  abso  includes
pregestation. gestation and fctation, wis
completed.

Fhe resufts of these tiest litters obtained
from this experimentare given in Table 12,
The larger number ot births corresponded
to the group fed cassiva meal, howesver,
this can be attributed  to
management or andividual variations in
animals rather than to the experimental
treatments. Some gilts were eliminated i
the final sclection of the breeding stock
hefore the mating period: others had

aspects of

delaved ostris and were therefore not
cansidered aleng with the others. For this
redasoin there s a difference in the number
ol gilts i the table.

Fhe nummber o pags per hitter was similar
forall groups although gilts on cassava
mead diets tended to have smalleriteers, In
addhition, the weights of these pigs at birth
were consistently lewer than for the other
eroups. The average number of pigs
weaning wwas significantly lower in the
cassavanacal group, so the slipht
ditferences observed at birth were more
signiticant at - weaning, Although  the
averars weights per pig at weaning were
not appreciahly difterent for the three
groups, the interaction of weight and
number of pigs per litter, expressed as total
weight per ditter at weaning, was con-
siderably lower for the cassiva meal group,
espectally when compared to the control
group (103.6 und 145.4 kg, respectively).
Fhe performance of fitters from  the
opayue-2 maize group was intermediate.
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Table 12, Reproductive rerformance of pilts fed diets based on cassava meal, opaque-2 nnize, or i‘()llll"(lll
[
mnlze during one life C)('lt‘..

Experimental varia!le

Common Opaque-2 Classava

Parimeter maise miize meal
No. of gilts 10 12 14
Farrowing data

No pigsilitter 10.0 9.0 R4

Individual pig wi thgy I.09 110 0,97
Weaning data

No. pigs|litter 9.4 7.5 6.6

Individuat pig wi (k) 15.87 15,42 15.70

Litter wt (hp) 145.4 1.1 103.6

Pale-avde swine nutsition: pestormance of Y othsdure glts fed the expenimental dicts dunng the prowing, fimsbimg, pregemtation pestation

and Lactation perrods

Total feed intake per gilt during the life  needed by the animals fed the common
cyele, including the starter diet for the  maize-based dicets. On the other hand, the
suckling pigs. was similar (approximately I reduced quantity of crude protein present
ton|animal) for all groups. (Table 13). The  in cassava meal and its poor yuality led to
most noticeabl. differences correspond to  the high SBM requirements (269.0 kg), as
the supplementary protein needs. in this compared to 149.1 and 53.7 kg for the
case, soybean meal. Because of the high-  common maize and opaque-2 maize-based
quality protein of opaque-2 maize, animals  diets, respectively. Therefore, in order to
fed these diets required only 36 percent of  halance the experimental diet based on
the quantity of SBM (53.7 vs 149.1 kg) cassava meal, animals needed 80 percent

Table 130 Intake data for gilts fed diets based on cassas a meal, opaque-2maize, or common maize during one
life cyele*

Experimental variable

Common Opaque-2 Cassava

Parameter miize mitse meal
Total intake (kg)

Dict 1,001 .4 9779 1.079.6

Maizes 796.4 §70.2 -

Cassava meal - - 754.1

Sovbean meal 149.1 532 269.0
Proportional intake of SBM (7) 100.0 36.0 180.4

Fagares indwate toral mtake ot dictand basic ingredients consumed by agdtdunng the prowsng, finshing, pregestation, gestatton angd Lictation
pends, inctuding the diet tor the iter
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lable 14

et ¥ cof Zungo (2) and Ducoe (D) sows.

Parimeten YAWA RN AR DD
No. of hitrens ? 4 R] 4
Faitoswing Jata
Non ol st S0 9.0 4.0 9.0
Tndivideal puzwe thy) 0.96 LOK 22 (R3]
Piter stk 82 9.8 1.0 HN
Weatiing data (36 day s
Noo ot pieslitter 5.9 0.8 0.0 5.5
Indnidual pig wi thg) 10,53 13.10 13.56 11S
Fitter wtthy) ob7 R SE3 723

| KRN SRS SRR TR S AR AT RS A T

more SBM thun the controb group. The
fower performances in the cassava meal
group can be partially explained by the
effect of the protein quality. possibly due to
the methionine deficiency in both the
cassava and the SBMY

Experimental observations conlirm the
theoretical estimates ol protein saving or
protein supplementation derived from the
use of high-lvsine caizessuchas opague-2.
On the other hand. when cassava meal ds
used. there is i need tor greater nutritional
and ceonomic considgerations in order to
ohtain results assatisfactery as those ol the
controi diet,

The performance of native and improved
swine in tropical zones

Studies measuring the pertormance of
mative and improved swine (Duroc) and

INLANER

their respective crosses were continued in
collaboration with the Instituto Colom-
biano Agropecuario (I1CA)Yatthe Turipani
Experimental Station in Monteria. Part of
thix research constituted doctoral thesis
work of o rescarch associate from the
Technical University in Berlin, A brief
description of  the technigues and  ex-
perimental design used is given i the 1974
Annual Report,

Lable 14 gives the results obtained with
the second litters from the foundation
hreeding stock used intheexperiment. The
nunther of pigs in the second litter of the
Zungo sows was similar to that of the
Durocs, althongh their average weight (as
wis stlso true of hotl their tirst litters) was
slightly Tess. The total number of weaned
pigs i the seeend litter was slightly lower
than for the first litter: neverthetess, their

Perfurmance of Zengo, Duroe and crosshred pigs during the growing-linishing periods.”

PPerametn TN A D/ /v h [RIEN )

Brurat.on Cias o IN2 K| 125 120

N of amimals 16 19 id 12

Dandy pion thyy 0.4 6l 06| 0.63

Drandy teed mtake (Fr) 191 242 23 244

leed  pain 43K 194 2 1490
* Pegiod framm deenitie b appr ool B T by

P Parent deapnation haar oo
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weights were higher. As can be seen. the
performance at weaning of the D x 2
offspring was similar to that of nuichred
Duroes or 7 x 1) crosses.

Performance indices of the oftspring
during the growing-tinishing periods in-
dicate that Zungo pigs grow more slowly,
consume less feed and have a lower feed
efficieney than pure Durocs or crossbreds
(Table 15).

These data suggest that under intensive
manmgement  conditions, native  pigs
should be submitted to a rigorous genetic
selection plan o hring their level of
performance up to that of the improved
breeds. The simpie cross considerably
improved the performance of native swine
under the experimental conditions used.

At the end of the growing-finishing
period. the pigs were slaughtered to study
their carcass quality. T'he results were quite
similar for botii the first and second hitters:
Table 16 gives data tor the latter, Carcisses
from Zungo pigs had more backfat. o
greater quantty of total tat and a lowe;
percentape ol lean parts than the pure
Duroes. The carcasses of the crosshred
animals  showed intermediate
charactesisties. Although the demand for
anima’ fat, especially that of pork. sull
seems to be amportant in many Latig
American countries. there is o growing
tendency towards greater consumption ot
fats and oils of plamt arigin. This would

Lable 16,

mean that greater emphasis should he
pluced an the seiection of native pres that
would produce more meat and less fat,

ANIMAL HEALTH

The majorobjective this vear was animal
disease cconomica: at s, the measire-
ment of cconomic i pact and the cost-
henelit ratio of conirol, Sceondlv, work
vas carnied oat 1o enndy areas where
farther investigation or research  was
requared  betore ceonomic methods of
prevention or contred conid be devised,
Phese activities vore bused on the
hnowledge accumur, ted an the spectie
of swine diseases m the 1 atn Aserican
TOPICS, enumeraied in previous reports,

Disease impact at the farm level

Phe collection o date on joat-and-
mouth discase has continued. In addition,
information was gathered on brueellosis.
leptospirosis, transinissible gastroenteritis
amd - oswine  dvsenters: however, (o
ceonoimie anatvses of these data have not
been completed,

Foot-and-mouth disease

In the absence of an adequate vaceine,
swine  producers normally  auempi to
control foot-tnd-mouth discase outbreiks
through sanitary methods and treatment of
chnical cases. Phere was an apportunity to

Carcass characteristies of Zungo, Duroe and crosshred pigs (second litter).

Pantneter /N7t vy 7/ /D Y s
Livewesght thy) LN 9.8 9id i
Carcass vield (1)) Ri0 NN N2 RN
Backhfat tuckness temy RN 4.7 46 41
Lotal fut 147) AR RIR] 288 0t
Ham ¢y MR A i 294
Fean parts (¢4) 130 REAH 73 SN
Carcass Tength (cm) SR 941 RARN o2

¢ Pwrent desipiatun boar v o
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nuthe oo cvaluation of the aekh ot -
contact aramais shaghtered oy a0 com-
plementan control to samtin nidiasuies
Fhevontror ol the outhbreak c Tvpe A v
was strhing O 709 Goumds, seven woere
Pond with Tesrons: tie
M 2T animns wey e
of theseammals wis LSS 3900w et eas the
vatue ot albanimuds o the Larm at the e
At the cakowis USSPooonn fhe
Guarantme was hitted one month atier the
fret larm
resumaed norned opeiitons

te A ere B contiaets

RN

Case WS detectad. and the

Brucellosis

Subicent mformation s now avolibie
tor anab.zing brucellosis, anotner discise
that cirn sereonsty altect the probitabihinyg ol
swine  prodaction, as owell s hor
transmissibie to man. e contro! method
heing  eviiluated PLATHY
malating mtected anmals, which aie then
chimmated frons the tirm. Possinle con-
tacts and aninals grving weak seroloncal
uters were submitted to tvomore tests tw
months apart. i adaition to other com-
plementiny technigues. Data tor economie
analvsis incdude morhidity,
pregnancy and birth ratesssales ol animals,
conls of hleeding the sommals, testing and
climination. ft was found that progenies
from bruccllosis-posttive sows could he
utihized as replacement breeding stock. this
18 dvery iportant economic des clopment
for swine producers.

COTININS

maortahiy,

Having  catabhshed  an unproved
metitodoloey tor the control and cradica-
o o this
extabdish the costbenenhit ratio m o relation

Jisease. s pecessan (.
fotie ditterent bopos o s operations,
Lo ob anabvsiss a0 nationa!
candesizn gea o countiy -

Crivene s
Cenvepind

wide cradieation podioes
Disease nvestivation and research
Leptaspirosis

Fhiv another disease known Lo canse
rnpaoitant production Tosses, an well as
homg a zoonosis Byidence of mfection was
tound on nrost farnis visited i the Valle del
Cauva. but epudeniotovical stadies were
necessity o deternnne optima! contiol
mwethods /0 poiena 1w hnown to be the
riost omnportant ol these pathopens tor
swoantes the three soldtions mude to data
from aborted pie leteses Bave been of this

SCTOT o,

Ihe rodent population was exammed on
Four antected farms. Cultures wore made
feem the hidnevs ot YHEhrown rits  Ratrus
meiegtos) Clable 170 To o dater cight
molitions representing seven strinns of /.
wierohaemaorrhagiae and one of /.
pomona have been obtaimed.® The fatter
repoart s sigbicant as few reports exist of

Pyvpinge was conthirmed atthe Centro Paamenicno
de Zoanosas (CEPANZO). Buenas Ajnes, Arpen-

Ting

Lable 17 Folation of tea types of Leptospira from Kidneys of Ratnes norvegicns trapped on infected pig
farms,.
No. of Kidneys No. Fypes of
Fatm cultivated® Isaliations Leptospira
A K ! 1. pomona
B 27 )
¢ 0 2 I wrerohaemorrhagiae
D] 46 5 1. 1wtervhacmorrhaae
Totals it b
O T IR R TR O
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Ll v egiens

Table IR, Kidney histologic:
leptospirosis found

trapped on infected pig farms.

No. of
animalk No. with “e with
Fiurm examined lesions lesions
A 8 0 ()
1] 27 11 40.7
C Ri}] 13 433
D 46 o 6l).5
Totals I 54 4K.6

rats acting as carriers of this serotype.
Histological examinations of all the
kidneys collected showed that 48 percent of
them had lesions compatible with subacute
or chronic leptospirosis (Table 18). These
are strong indications of the rat’s role in the
epidemiology of the disease. The results are
even more important in relation to human
health as L. icterohacorrhagioe and L.
pomona are the two serotypes most
commonly found infecting man.

The importance of L.
icterehaemorrhagiae infections in pigs was
checked by experimental infecdons with
isolates from rats. There was no mortality;
but in all cases, interstitial nephritis was
found in the autopsies,

Eradication by slaughter is not feasible
because of the high prevalence of infection
on the farms. Methods of control and
cradication using antibiotics and rodent
control are being studied on individual
farms, particularly in areas where there are
leptospiral abortions.

Porcine enteroviruses

Serum samples sent to the Plum Island
Animal Discase Center in 1974 gave
strangly positive reactions to this group of
viruses. When this evidence was considered
together with the clinical and histological
findings in a herd of pigs where cases of a
central nervous  system  disorder were

D-16

oceurring, there was a strong likelihood
that it was Teschen disease. Final confir-
mation depended on the isolation and
charucterization of the virus. This has been
done and sentto Plum Island. Thereisvery
little information available in  laun
America concerning this group of viruses:
whereas in countries with highly develope
swine industries, the enteroviruses have an
important economic impact.

Swine dysentery

After identifying swine dysentery due to
Treponema hyvodvsenteriae for the first
time in Latin America, information on
diagnostic and control methods  was
distributed te veterinarians working in
both public and private institutions. The
disease is probably widespread on com-
mercial pig farms. New outbreaks were
rapidly controlled using broad spectrum
antibiotics.

A trial was carried out to determine the
relative importance and interrelationship
between Treponema and two other causal
agents  of dysentery, Vibrio coli and
Balantidium coli.

INTERNATIONAL
COOPERATION
AND TRAINING

In 1975 contacts were extended with
some national institutions that develop
training, research and swine production
programs in Latin America. Visits were
made 1o those institutions and
professionals developing national swine
production programs. Their projects were
studied as a basis for evaluating priorities
in future training and technical coopera-
tion programs. Maps of Central and South
America, locating these institutions. are
presented in Figures 1 and 2. The type of
cooperation has been classified into three
categeries inaccordance with the following
criteria:
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Figure U Swine production projects in Central America,
I.  CIAT]|national  institutions 2. Technical assistance for national
cooperative  programs. This category  programs that are already established. This
includes  those sites where CIAT has  category includes those national programs

participated most directly on the basis of
agreements and priorities established by
the IDRCICIAT Project. In these cases
there has been greater collaboration in
technical assistance, in the training of
professionals, and in the finuncing of some
installations for the swine unit. CIAT has
participated in these projects from the
beginning, including the selection of the
site, planning and supervision of the
infrastructure and the projection of im-
mediate activities, On the basis of these
agreements, the cooperative  projects
should place emphasis on the training of
professionals and swine producers, the
transfer of technology, the development of
swine production at a regional and
national level, and the conducting of
applied research oriented to solve Jocal
problems.

where  CIAT  bhas  provided indirect
cooperation sporadically, especially in the
arcas of research. training and technical
assistance. Each of these projects has been
visited several time, during the vear as a
starting point for greater international
cooperation i the future.

3. Other programs where there are
possibilities of future cooperative projects,
This covers national or regional projects
visited and evaluated by CIAT staff, where
there has been only an exchange of
information. CIAT cooperation, especially
in training and technical assistance, can be
increased in many of these sites in the
future.

‘The principal activities reiated to inter-
national  cooperation  and  training
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O Other national or regional progrums

Figure 2. Swine production projects in South America.

programs in swine production 1re given by
country. '

Bolivia

The construction of a swine unit for the
cooperative Universidad Gabriel René
Moreno|Proyecto Heifer| CIAT program
in Santa Cruz (16)* was finished during the
* The number in parentheses refers to the oncused to

locate the sites in Figures | and 2.
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present year, with the technical and
financial cooperation of the IDRC|CIAT
Project. Facilities include buildings for
lactating sows, growing-finishing pigs,
postweaning corrals, and office and
warehouse facilities. The equipment and
the foundation breeding stock arrived by
midyear, and the unit is presently func-
tioning. The production of breeding stock
for promoting development projects and
for carrying out local research activities



will be initiated during the first months of
1976. A coordinating committee, made up
of representatives from  the aforemen-
tioned cooperating entities, was ereated
with the purpose of formulating a work
planand providing technical assistiance tor

those  professionals  doing  rescarch,
teaching  and  extension work.,  These
professionals  participaica  1n training

activities of the Swine Program at CIA L.

Other contacts have been estanlished
with tise Comit¢ de Obras Pnblicas in
Santa Cruz and Chuguiseea (17) inan
attempt to intesrate activities such as the
production ot breeding  stock., swine
development and transfer of technology to
swine producers through the Cooperative
Croject. A proselesction of paossible can-
didates for the 1976 training course at
CIAT wis made ot professionals from
both institutions,

Costa Rica

Construction of the buildings that will
hotse the swarie unmit forming part of the
cooperative Universidad de Costa Ricu,
CCOR CCTAT program in Atenas (7) has
rot vet begun. Through the IDRCICIAT
Project. technicad ana financial assistance
was given in 1975 1o begin activities {or
promoting the development of  swine
production. The site, pians and budget for
construction ure ready, only a few legal
requisites need to be tulfifled before the
university. will permit construction to
hegin.

As part of this program. o CIAT swine
specialist went 1o Costa Rica for six
maonths as an insttuctor of the swine
production course at the UCR Depur-
tumento de Zooteeniu. Several rescarch
projects were begun on locad nutritional
prohlems as topics tor graduete degree
theses. Other complementary activities
carried out by this professionat included
several conferences for swine producers
and the organization of a  Central
American  swine  production  course
programmed for 1976,

In 1975 two Costa Ricans participated in
CIA TS trammng program, One of them is
on the statf at UCR and the other at the
Miuinisterio de Agricultura v Ganaderia in
Guapiles (8). Foundations have been laid
for a4 more effective intearation between
these two entities m e promotion and
develepment of swine production in Costa
Rici. A proselection was made of tvwo
technicians trom the nunistry for attending
CLA S 1970 tranmng program,

Peru

Cooperation with  this  countiv - has
continued, mainly thr igh the Tastituto
Veterninario de Investgiaciones Fropreales
vide Atura (VITAY in Puc:lipa (15). The
construction ot facilities for a swine
prodaction anit housine 2010 30 breeding
sows was begun and should be finished it
the beginning of 1976,

Fhe professional in charge of IVITA'S
cooperative swine program participated in
the training program at CEAT, At the same
time. he received technical assistance tor
the initial phase of the project (building the
istallations tor  the amimals, tvaining
programs, immedute  plans for Jocal
experiments, cte.).

Contacts have also been made with other
institutions.,  especially the  Sociedad
Agricoln de hyterds Social (SALS) and the
Ministerio de Alimentacion,  with  the
purpose o selecting candidates for future
CIAT traming programs,

Colombia and FEcuador

Most of the coaperative work in these
countries has heen carried out through
1C/ 0 Colombia (11, 12) and the Instituto
Nacional de  Investipaciones
Agropecuirias  (INIAPY in Santo
Domingoand Quito, Ecuador (13, 14). The
activities developed this vear were related
to specific rescarch projects and  the
training of professionals.
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Cooperative ICA|CIAT work on the
evaluation of the native breed (Zungo) has
continued; results are presented in the
section of this reporton the performance of
mative and improved swine in tropical
zones. Two Ecuadorians were trained at
CIAT during 1975, Ope of them returned
to INIAP ufter one year. A rescarch
associate returned after finishing his thesis
work at CIAT on the utilization of opaque-
2 maize in diets for lactating sows.

Other countries

The most important activitjes developed
in other countries are related to training
programs for professionals belonging to
national  institutions and  technical
assistance for swine programs through
periodic consultations and visits. This
group includes the Instityto de Cienciu v

Tecnologia Agricolas (ICTA) and the
Instituto  Técnico Agricola (ITA) in
Guatemala (1, 2); the Banco Nucional de¢
Fomento in Honduras (3); the Centro (o
Desarrollo Agropecuario (CEDA) of the
Ministerio de Agricultura y Ganaderia in
Sonsonate and San Salvador, Salvador (1,
3); the Banco Nacinnal (6) and the
Ministerio de Agricultura y Ganaderia in
Nicaragua; the Universidad de Panamg
(10) and the Ministerio de Desarrohio
Agropecuario in Veraguas, Panama {(9):
and the Ministerio de  Agricultura v
Ganaderiy in Asuncion, Paraguay ( %),

Two professionals from Nicaraguy and
0ae from Panamg pariicipated in CIAT
training programs. Ajso during 1975, two
rescarch fellows returned (o Nigeria after
finishing work for their doctoral theses as
part of the IDRC|CIAT] University of
Ibadan Project,
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Maize production systems

HIGHLIGHTS OF 1975

Activities of the CIAT Maize Program have shifted from a Palmira-based. research-
oriented program to one of collaborative services with the Centro Internacional de
Mejoramiento de Maiz y Trigo (CIMMYT) in Mexico. This program will principally
support national programs in the Andean Zone and in tropical Bravil, Ancxcellent spirit
of cooperation exists among maize scientists of these countries and the two international
centers involved.

During 1975, materials from CIAT's breeding program were tested in on-farm trials
and recombined into basic genetic sources (populations), which may be useful to national
programs and conveniently combined into existing CIMMYT materials. In breeding,
emphasis has been placed on developing short materials that resist lodging, a major cause
of yield reductions in the region,

International trials consisting of 30 CIMMYT experimental varieties and six local
checks were planted in cooperation with the Instituto Colombiano Agropecuario (ICA)
at several locations in Colombia,

Thirteen on-farm trials were conducted near Monteria. Average vields of almost §
tons|ha indicate that reasonable vields are possible for this traditional maize area.
Establishing and maintaining a favorable plantdensity appears to be a major factor in the
improvement of maize yields in this and similar areas,

The CIMMYT|CIAT collaborative services program has assembled and distributed
national program materials to be tested in highland and lowland regional trials at 18
locations in six tropical countries.
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PLANT IMPROVEMENT
Reduced plant height

Maize breeding work has concentrated
on genotypes with reduced height and a
stable plant type. The tendency of
traditionally tall maize tyvoes to lodge is
apparent in Table L

The program focused on full-sib family
selection in materials homozygous for the
brachytic-2 gene. As illustrated in the 1974
Annuil Report, there are many variants of
the “original™ brachvtic. with its thick
stalk, wide leaves and very compact
internodes. Such a plant type is not
acceptable for intercropping with climbing
heans or vams, as climbing and vegetative
development are inhibited by a maize plant
with compact internodes. Thus plants were
sib-pollinated  within  rows that  were
reasonably uniform as to the plant types
described in Table 2.

It was bypothesized that Type [ would
possess optimal support characteristics for

assoctation with climbing beans and yams
and that Type HI would not only have a
hetter distribution of dry matter but would
aiso be more responsive to higher densities
in monaoculture. This hypothesis was tested
in collaborative studies with the Bean
Program. Modified types I and I were
compared with the new ICA brachytic
hyb-id H-210 (comparable to Type ) and
the popular normal hybrid H-207. The
valug of 4 maize genotype as support was
determined by the production of climbing
beans. Preliminary results showed no
significant  differences among  different
maize types as supports for climbing beans
(Table 3). Theseinsigmficant differences in
the fall-off point for bean vields as maize
densities increase will be studied in greater
detmil, using methods that will reduce the
confounding of maize and bean densities
and that will have more appropriate
planting dates and svstems for these
associations. Under optimal conditions at
Patmira, the [CA normal and brachytic
Lorerids outyielded CIAT's  open-
pollinated brachytics. Muaize yiclds were
high, averaging more than 6 tons| ha.
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Table 1,

Results of 13 on-farin tests conducted near Montivia (1975A )

Plant type Average Average No. of
and variety Origin Grain lodging (%71 vield (kg ha) trials
Normal
Li Posta Co CIMMYT Normal white demt 27 6.86) 1
YHE CIMMYT Hard yellow opague 14 5.036 2t
WHE CIMMYT Hard white opaque 40 5.737 2
Comp. K CIMMYT Hard yellow opaque 9 5.295 2
ICA VE-21 ICA Hard yellow opaque KX} 5.273 2
ICA V-106 iCA Normal yellow flint 53 3,948 6
1CA H-207 ICA Normal yellow flint 46 4,969 5
ICA H-208 ICA Sott yellow opaque 10 5,31 |
ICA H-154 1CA Normal white flint 50 5.525 5
Brachytic
Br i (B3)) CIAT Normal white flint 6 4,440 4
Br 11(BI) CIAT Normal white flint 8 5.029 2
Br 111 (B1) CIAT Normal white flint 3 5.284 2
Bril(Am) CIAT Normal yellow flint 12 2,783 2
Br Il (Am) CIAT Normal yellow flint 10 3.140 2

Average (all materials - -

over all locations) 26 4,902

A second collaborative maize-bean
experiment studied the importance of
variety by system interaction in the
selection of maize plant types adapted for
both monoculture and intercropping
(Table 4). Bean densities were significantly
higher than inthe previous experiment and
in fact reduced the maize yields, which
nonetheless were high in all systems. There
were no significant differences among
maize families in sach of the three systems
in the first maize trial. Correlations for

maize yield and rank order were variable
among the systems tested. Correlations for
rank order (r = 0.72**) and yield (r=
0.66**) between the two maize-bean
systems were highly significant, suggesting
that maize selections made under one
associated cropping system would be very
successful in the other system as well.
Similar studies of variety by system
interaction are being conducted by the
CIAT Bean Program to establish
reaconable and inexpensive screening and

Table 2. Characteristics of three different types of brachytic maize.

Height Internode
(m) Stalk Leaves compaction
Brachytic | 1.2 Thick Wide, farge Extreme
Brachytic 11 1.5.-2.0 Thick Wide, large Reduced
Brachytic 111 1.5-2.0 Thin Narrow, reduced None
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Table 3, Yield of a climbing bean (P-259A) associated with four maize varieties, planted at four densities
(CIAT, Palmira, 1975),

Rein vield (kgfha)

Marze and bean densiny®

Muaize variety 0 S0 70 2 Average
1CA H-210 (hrach.) 476.2d~* 440.8de IM 2detp 204.4¢h 3 9x
Brach. I BL. 106.td 45944 b ddete 2)2.0¢h 654
Brach. 11 B, J910d 451.2de 241 0Octeh 235 Setph 3855
1CA H-207 inormal) S udef 28 1.6deteh 218.Gigh 177.5h 272008
Bean monoculture 1754.8¢ 1 954.0be 2.290.4a 2083 8b 20208y
Average 719.8m TN dm 683.6m SN dm 6754

¢ hoasands of plantv. ol maze and heans

T Mean values i the same cotamn folowed by the wime letter, e ot ditfer siemitanthy at the S purient feae!

Fable 4. Yield (kg! ha)and rank order of ISmaizege < types planted alone and in association with bush and
climbing beans (CIAT, Palmira, 1975A).*

System A System B Svstem Maize rank
by system

Maize variety Bush Climbing Ttaise e Ay
or family Maize  bean**  Maize  bean*** 0 oculture A B C o maize vield
1IKN 3853 458 1403 424 4643 13 04 N 1966
1577 1629 519 3584 41 4.668 IR R [ 3960
1768 4.207 422 4581 450 5437 9 5 1 4.742
1389 4.470 408 4441 445 $.015 4 K14 4,300
1464 4,106 47y 308 402 4167 I T R LRG0
1443 4,228 in 4437 kI 4961 K 9 O 1,542
1101 4.630 125 34,924 172 4934 R 17 4,829
1030 4.24% 483 4,393 REE 4815 7 v R LRLN
1599 4.8%0) REN) 5.076 K3 5.003 | 2 4 4,986
1556 3.064 435 9 113 4.717 IS 19 ol
1449 4181 KR 1.603 S20 1RSS5 103 15 4.213
4004 1926 437 1849 S2K 4.503 12 92 12 4,093
TCA 12207 1866 372 4.470 KR Y 4.992 27 5 4.770
1CA H-210 4310 62 4533 13s 5.334 6 6 3 4,725
Luxpeno Caribe-2 4,445 30 5331 449 5.907 5 1 3 S.4%

Average 4.203 402 4.324 412 4.761 4429

" Yreld correlations ray oz 000 Py SOV rpe =0 Bank conctations 1, ozt 7200, ’\('=0“"lu =0 &0

AH
** Vanets JCA Fiaa, 00,000 planty ha vield o monooulture, 942 by b

T Vanets P-259A, 300.000 plantstha. vicht im meomocultuge, 2,812 b ha
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Table 5. Yields (kg|ha) of maize selections in brachytic and planta baju populations (CIAT, Paliira,
19748, 1975A).*
Average vield

19748 1975\
Population All families Sceleeted tamilies Al ey
White brachytic 092 4,276 880
Yellow brachytic 2.5%2 351K N2
White planta baja 1676 5477 8479
Yalow planta baja 4714 S.00s 7T
* Averae of two replications
sclection methods for crops grown in  brachytic seclections. a replication o

association, using as prototypes the bean-
maize systems, which are extremely impor-
tant in Latin America.

Two cycles of full-sib selection and
crossing of selected families have produced
open-pollinated populations of white and
yellow modified brachytics that are 1.5 to
2.0 meters tall, resistant to lodging and
with yields neuar those of normal hybrids
(Tables I and 5). Since preliminary results
indicated little or no variety by system
interaction, current pians are to combine
types I and HEduring the present selection
and crossing cycle. A high density replica-
tion (66,000 plants: ha) has been planted to
climinate genotypes that respond poorly to
increased plant populations.

Shorter plant height is also the principal
criterion in half-sib selections of white and
yellow “plantas bajas."* An attempt has
been made to improve the adaptation of
these materials, originally from CIMMYT,
to Andean Zone growing conditions. A
better flint grain texture is also being
selected to improve its acceplubility to the
local or small farm sector. As in the

* The term planta baja refers to the reduced phint
height attributed to many genes, cach with a small
effect: in contrast, the reduced height of brachs tic
materials is attributable toa single gene witha large
clfeet,
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plantas bajas has been planted at 66,000
plants/ha to evaluate density response,

Materials for poorly drained areas

In 1974 a CIMMYT material (La Posta
C2) was found to be highly tolerant to high
pH and poor drainage at CIAT. ICA and
CIAT plant breeders collaborated in the
selection of the best cars from the best
familics. The resulting composite was
divided for planting at several locations,
including the same poorly drained CIAT
lot and a farm near Monteria. where it
vielded almost 6.9 tons (Table 1). La Posta
has been mass selected for still another
cyele to study its response to conditions of
excess soil moisture: it should also be
compared to other materials in several
poorly drained locations,

Protein quality

AsCIMMYT is emphasizing the conver-
sion of high-yiclding normals to hard
endosperm  opaque-2, CIAT's role in
breeding for protein quality has been
limited to testing promising CIMMYT
populations and recombining opaque-2
with brachytic-2.

Recent cycles of white and yellow, hard
endosperm opaques have performed much



better than carlier counterparts. This can
be seen in Table 1. where vields of all
opaques tested near Monteria sveraged
more than S tonsd ha. The 1973 average tor
these materials was only 2.4 tons. Yields ot
2.6 and 3.7 tons have been obtained with
Composite K and FCA VE-2 1 respectively.
i a farm il i Cundinamarca, 1t s
apparent that shorter opaque matenals
would be desirable to reduce the hugh rate
of lodging. Theretore, CIAT has limited
turther breeding of opaque materials to
recombining hard endosperm opague-2

with  brachytic-2 into a high-vielding,
open-pollimated  vellow  variety. These

materials are nearly ready tormitial farm
testing.

Six opaque varieties, including five with
a hard endosperm. have been multiplied
tor rat and swine feeding trials under win
in TIAT'S Swine Program. One of these

varieties (ICA's  expenmental  variety
VE-21) an ICATCIAT selection from
CIMMYT's Vera Cruz x Antigua X

Venezuela opaque population, has been
increased  tor  more  extensive  farmer
testing.

Resistance to Diatraca

The stalk borer Diatraea spp. is found
throughout tropical Latin America. Prin-
cipal  damage s vield reduction and
lodging, which makes the maize crop more
difticult to harvest and of httle value as a
support for other crops. Chemicals tor
controlling  this insect etfectively are
expensive,and their distribution from one
area to another 1s uncertain, herefore,
genetic resistance must be sought,

CIMMYY and Cornell University have
collaborated for several vears in develop-
g and testing an Insect and Disease
Resistant Nuersery (IDRN), which in-
cludes artificial infestation and selection
for resistance to Diatraeain Mexico. From
287 maize Tamilies (1974A cvcle) that were
sent to CIAT. 32 were selected. represent-
ing a range 1n plant maturity and com-

binations of damage to lanes and stidks,
1CA H-207 was included as thie focal check
vattety, Plants were artificially infested at
S5 and 60 davs, with four larvae two to
three davs old. Damage. evaluated
harvest by splitting the staths was heavy:
and there was s highlv sipmiticant negatine
corrchition between damage and gram
vield (r=-0.508 147 Stalk danmage ratings
at CINIMY T and aither stalk duanage or
gram vield at CEA T were not signiticantiy
correlated. The restults do not necessanly
mean that materials selected tor resistance
to Diatraca in Mevico are not resistant in
Colombia. They do suggest that materials
tor borer resistance should be
sereencd  under natural or preferably
artuticial intestation n a number ol
localities with difterent combimations ot
inseets, plant genotypes and environments,
Iesults from this trial. which should be
repeated inanother season, suggest that
CIAT would be a good location for such
testing.

selected

VARIETAL TESTING

International trials

Yields in 11 CIMMY | progeny and
expernmental  variety  trials (Table 6,
planted 1n 19748 and 1975A. were ex-
cellent. These experimental vields dare for
o replications of single S-meter rows,
Open-pollinated expermental varieties are
produced by CIMMY T from reserve seed
of tamilies selected tor vield (Table 6).
reduced height, and resistance to lodging
and cur rot. A replicated tril of 30
CIMMY I experimental vanieties and six
local checks produced average vields of §
tonstha. A hard  endosperm,  vellow
opaque  population  gave the  highest
average vield (6.6 tons). This same ex-
perimental variety triad has been planted it
three other locations in Colombia in
cooperation with TCA and is planned for
another two locations in order to study
varictal stability from near sca level to
1.400 meters on diverse soils, from the
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Fable 6,
19748, 1975A).

Yield (kg ! ha) from international CIMMYT trials (two replications) planted at CIAT (Palmira

Yield of lamilies

—— Yicht of cheeks
Priad Scelected
Priad Virieties {(Av) (A} Best {Av
La Posta Cg 256 1182 1,610 1744 2.5
Cogollero 256 RA R/ S 14K REIL) 2942
IDRN 256 4196 SN2 S.IRK RRERR
Bhanco Subtropical 256 1489 S.044 397 2600
Amantlo Subtropical 250 132 SN 7 2330
Braguiticos 250 NS HY 10,928 TNSY 6,203
Puspeno Canibe 2 256 NSu 10,794 6.UNA J.641]
Miv Ty Col Gp. 1o 256 TAns 92010 6,277 S.03K
Blinco Crstilino 256 7400 S.054 S.603 4,33y
Moz Trop. Blanco 256 9.3i2 11,339 6,327 SN
Eapenmental varenties® R S04 6.602 6,550 3884

o rephicatin

fertile soils of the Valle del Cauca to the
highly infertile soils of the Llanos Orien-
tales. Additional progeny and experimen-
tal varicty trials were planted in 19758,

Key activities of the CIMMYT/CIAT
collaborative  services program  are
regional trials  of  national program
materials. Trials tor eight highland and ten
lowland locations are being sent to the six
callaborating countries,

On-farm trials

A number of farm trials were conducted
at Monteria in collaboration with the weed
control and small farm  groups,  The
principal objectives of these tria's were (1)
to evaluate CIAT brachytic materials and
local varieties and hybrids in monoculture
and associated with yiims, (2) to determine
optimal plant densities for the maize
vitrieties. and (3) to evaluate severi! weed
control alternatives for maize production
on small tarms,

Interesting conclusions may be drawn
from the 13 trials; the most umportant is
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that reasonable maize vields are possible
for this arca (Table 1), Ip spite of delaved
rainfall and subsequent Hooding in some
sones. 1975A was an excellent season for
maize. Al ICA, CIAT and CIMMYT
materials  produced  several  times the
traditionad average vields tapproximately
L2 tonsfha) reported for the Andean
Zone, Furthermore. all hard endosperm
opague varieties were equal or nearty equal
to normal hybrids ard varicties at com-
parable plant densities.

Plant density was the principal limiting
tactor in varietal performance across all
locations. A typical example of density
eflects on maize vields for the 1CA hybrid
H-207 is illustrated in Figure 1. Results
were similar for all locations and for al] 14
matertals tested. The importance of ade-
quate population density may apply to a
large part of the Andean Zone, Fstimates
are that 70 percent increases in vields of
unimproved Bolivian native varicties could
be obtained it higher plant densities could
be implemented.

Over all locations and  varicties. 68
pereent ol the seed planted produced
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Figure I On-farm yield of maize habrid 1€ A H-207
as a function of plant density, Monteria, Colombia
(19750 (r = .83,

plants for harvest. Obtaimng and main-
taining high-gquality planung seed from
harvested  opague maizes stored under
traditional farming conditions 1s a poten-
tally serious limitation to a more extensive
distribution ot such materials, and must be
examined.

fa Postu Coooselected from a 19748
CINAIY'T progeny tnial for its perfor-
mance under adverse conditions of high
pH and poorly drained soils. vielded
extremely well under similar conditions in
a hield near Monteria. An addittonal evele
of scelection has been completed at CIAT,
The acceptability ol soft, white, dent
grain type is hinuted but can be improved
by recomhination with more  desirable
types.

Lodging data (Table 1) indicate that
hruchytic vaneties should have distinet
advantages over normal plant types as
support  for vams. Among the three
selected  brachvue  plant types,  no
difterences were observed in the relative

growth and climbing ability of the yams,
Variations in vields of vams supported on
normal and brachytic maizes should show
the importance of the lodging observed.

A number of the on-tarm maize trials
included weed control treatments, par-
ticularly the use of preemergence herbi-
cides. Previous studies have shown that
farmers have a labor shortage during the
maize-growing  scasons:.  an - ceffective
herbicide treatment plan could alleviate
this situation.

Atrazine or hinuron, alone or in com-
hination, or atrazine and alachlor gave
slightly higher vields than the farmers’
usual system of two or three  hand
weedings, Since raintall was light during
the tirst 30 to 50 davs of these triads, weeds
were not as abundant or competitive as
they would normally be.

Fhe abor-saving potential of herbicides
wis also tested inonontilage svstems on
three furms. The nonselective. nenresidual
compounds paraquat and glyphosate were
applied alone or in combination with
preemergence  herbicides to the weeds
present at planting time. These treatments
were  compared  with  the  fariners
taditionad lind  preparation methods.
Results were promising for both products:
when  used o combination with 2
preemergence herbicide, they gave better
contral than when used atone.

These farm tnials have demonstrated
that at adequate plant densities, yiclds of a
number of normal, brachytic and opaque
varieties are high enough to justify inputs
sttieh as tertilizers, insecticides and herhi-
ades.

REGIONAL ACTIVITIES

CIMMY'T and CIAT acted as hosts ol
the 1975 meeting of Andea Zone maize
rescarchers in Mexico. Participants ex-
plored ways in which the collaborative
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services of the two centers could best
support  national program efforts to
increase  maize production. CIMMYT
provided an in-depth look at its materials,
population development scheme and farm
testing methodology. National program
leaders presented current maize produc-
tion data for their respective countries. as
well as short- and long-term objectives for
improving production. National program
activities for reaching these goals were
presented, followed by discussions of how
CIMMYT and CIAT. through their
collaborative services program., could best
support national program activities in
research, varietal development and testing,
and the training of <cientists and produc-
tion agronomists. A number of the
participants made a brief visit to Palmira
on their return in order to see CIAT
programs and services,

As a result of the Mexico meetir.2s,
guidelines were established for the regional
program. whick will encompass the five
Andean countrics and tropical Brazil. The
key arcas of support include;
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I. A more liberaland rapid exchange
of genetic materials at  all stages  of
development among natiunal programs
and  between national programs  and
CIMMYT.

2. The formation of national maize
training  programs at the production
agronomist  level, encouraging
professionals from several countries 1o
participate in the course presentation,
Such a course has been planned by the
Bolivian national program for the 19758
season in the state of Santa Crus.

3. The facilitation of field-level interae-
tion among  scientists  from  different
countries to broaden the exchange ol ideas
and germplasm on a regional basis.

4. The establishment of unitorm viriety
trials of national prograii materials for
both the highland and lowland tropical
areas. The agronomic practices for these
trials were developed at the conterence in
Mexico. and the matertals have been
distributed for planting during the next
season.
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Rice production systems

HIGHLIGHTS IN 1975

Extensive testing of 14 promising rice Hnes wis comipleted und iy were selected for
further evaluation, purification and multiphication. Hois expected thit one or (wo of the
most promising lines will be named and relensed asvarictios w7

Breeding to develop o irge gquanuty of permplasm with resistanee to the rice blast
discase has progressed along two approaches. One approach attemipts (o comhine
muttiple sources of resistance into new varictios. A\ total of 387 multpie crosses were
produced and trom these. resistant plants were sefected and transplanted mothe tield 1o
Provide an enormous sonree of resistance. T the seeond approach. a modificd. multiline
procedure is being cmploved to combine Plast resistance with fus orhle dgronomic
characterisnes,

Progress has been made in the chemical controf of weeds and  olunteor and red rice.
I'he problein s espectally dithicult as selective herbicides A not etectne against the
valunteer rice as g weed. Combimnations of hierhicides were tested and some etfecty ey
controlled pest plants while nog harning the Larer seeded rice.

K notgrass.another important weed i rees propagates both by seed and stolons and a
IWOssEIge program s necessary to achieve pPropar contral Stolons must be climinated
before planting the crop, then standard het breides tor contioliing ves Manating griss seeds
can be used.

Anrrigation pump wis dey cloped which combines fow productionand operating costs
witha simple method of instullation i o concretecitivert The pump s powered trom the
PLO of a tractor. Final design plans will be released o [u™n

Pheoretical work was done 1o mpreve machme by i wott ks and the restlis
suceesstubly apphied at the Palmirg station, W hen ues e removed trom Large tires and
the tires inthited (o 2 low pressure the mereased detfection and surlace contact aren
provides inproved traction and superior mobhiis.

Varous CLA L s have coopetated to develop o contimuous riee production system
tor the Palmira staton. Fhe sustem wall facilitage tosaaten and tmmy janchons by

providing ficlds at varous strpes ob pee production thronchent the s eas



ECONOMICS

Economics research in the Rice Program
has been directed to documenting and
analyzing the impact of new rice varieties
in Latin America. The study is composed
of two major parts: (a) a general review of
rice areas. vields, production and trade in
Latin America and the Caribbean, with
emphasis on measuring the contribution to
output of the new high-vielding varicties
(HYV's). and (b) a detailed analysis of the
cconomic benefits from the new varieties in
Colombia with attention to the distribu-
tion of the benefits.

The first part of the study involves a
survey of all major rice producing coun-
tries in the region, to obtain the data for
estimating the contribuiton of the new
varieties to production. This survey, now
being conducted in collaboration with
national and international agencies, will
provide data to up-date the information
provided in the 1972 Annual Report.

Table 1 has been constructed from
preliminary survey data. The results are

shown by region in Latin America. Brazil
has been excluded from the analysis. While
she produces about one-half of Latin
America's rice, the majority comes from
the upland sector. where vields are very
low. Inclusion of Brazil would mask the
impact of the HYV's in other regions. For
Latin America (excluding Brazil), the
preliminary estimate is that rice produc-
tion was 40 percent "igher in 1974 than it
wotutld have been in the absence of HY Vs,
This figure could be overstated due to some
confounding with irrigation (especially in
the data shown for South America), but
conversely no allowance 1s made for the
fact that some of the expansion in areas
may not have taken place in the absence of
HYV's.

It would bc incorrect to attribute all
increased production solely to the im-
proved genetic potential of the HY Vs,
Expanded use of inputs, improved cultural
practices and the roles of national and
grower organizations are all important
complementary inputs.

Rice production in Colombia has
doubled since 1968, duc cntirely to cx-
panded area and yiclds in the irrigated
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Table 1.  Estimated contribution of high yielging varieties (HYV"

s) of rice to total vields in regions of Latin America. 1974,

Mexico South Latin
and Central America Colombia America
Caribbean America (excl. Brazil) (irrigated) (excl. Brazil)
1. Total area (1.000 ha) . 452.0 257.1 F.O8K.0 2730 1.797.0
2. Total production (1,000 tons) 1,022.0 472.2 3.647.1 1.420.1 5.141.4
3. Yield (tons | ha) 2.261 1.837 3.352 5.203 2.861
4. HYV's area (1.000 ha) 200.4 157.9 286.6 279.2 744.9
5. Traditional area (1.000 ha) 251.6 99 2 701.4 2.7 1.052.1
6. Traditional vield (tois | ha) 1.779 1.284 2299 3100 2.040
7. Traditional production (1,000 tons) 447.6 i27.4 1.682.6 8.5 2.146.4
8. HYVs production (1.000 tons) 574.4 3449 1.964.5 L4117 2.995.0
9. HYV's vield (tons | ha) 2.866 2,134 5.082 5.22 4.021
10. Yield margin (tons ! ha) 1.087 0.900 2.6K3 2,124 1.981
I1. Additional production (1.000 tons) 2179 142.] 1.037.2 3739 1.475.6
12. Additional production (%) 27.1 43.0 39.7 67.8 40.3
Sources and derisatioms: (1), (21 LS. Depr. of Agn. (4 CIAT, Hy v sunes 1972 and 1974, (§): (15 - ). Average vield 1960.64 (71 (Shx(6) () (2. 7 (10K (9) < s,

(1 (10) x 14y,



sector. The competitive position of the
upland sector, where vields have been
constant at 1.5 tons|ha, was reduced and
the proportion of national output from the
upland sector fell {1 m 32 to 10 percent.
Irrigated vields rose 11 about 3 tons) ha
when Blucbonnet 36 aas the major variety
to almost 5.5 tons|ha with the new dwarf
rices (1974 Annual Report), The sowings
of dwart rices rose from 5.5 pereent ot the
irrigated arca in 1969 to .dmost 100 pereent
o 1974, The  estitezied vields
Biucbonnet S0 and the 1YV at the farm
fevel are shown in Table 2.

Asa result of rapidly expanded produc-
tion in Colombia, real prices received by
producers 11 1972 were almost half the
1965 level, recovering somewhat by 1974
(Table 2). This has meant that Colombian
consumers have bencetitted  from  the
technological change.. Net incomes of
producers (after mecting variable costs)
would have been higher without the new
varietics.

This pattern of the distribution of the
benefits has resulted because the extra

Table 2. Yields and prices for Bluebonnet S0 and

of

production was very largely sold on the
domestic market, where the demand for
rice is moderately inelastic. Rice exports
have been indireetly discouraged because
of the tariff policies favoring the manufac-
turing sector. With  these tarifts, the
exchange riate can be maintained at a level
fower than would apply in their absence,
thereby making exporting less attractive,

The retall price of rice in Colombia has
a0t tended to cheapen as has farmy price
(Fable 2). As a result, the rice marketing
margin has risen very substantially, This
margin is the ditference between the retail
price and the tarm price expressed as a
percentage of the farm price. Prior to 1968
it had been constant or falling. With
greatly expanded production, the milling.
transport and distribution activities had to
handle almost twice the volume of rice
between 1968 and 1973, However,
preliminary  analyses  suggest  that an
increase in the margin from 115 percent (in
1968) to 21¥ percent (in 1973) was much
gredter than could be accounted for hy
rising costs in these activities. Thus, some
benetits attributed to consumers may have

high vielding varicties (HYV'S) of rice in Colombia,

1964-74.
Fsumated btimated Producs Retnl
vield, vield, price. price.
Bluchonnet 30 HY\ ' padds mitled Marketing
ftons - hay (tons b tSCol tom” (SCol tom® rlargin®®
1964 RN 12s 1.347 RIPLY] IRE
1965 30l RN 1,592 INSG 142
1966 RRIN e 1507 35608 117
1967 1y S x4 (IRTR KAL) 130
1963 Xin .08 1482 RERN) 1S
1969 KN{E! S50 1217 2877 136
1970 RIRE! 607 ha2i 2,727 143
1971 348 6,29 1044 27358 162
1972 302 §.49 hORS 2491 170
1973 2.94 37 YIx i 21K
1974 2.84 5.22 1151 R 188

*ohapressed 1Yl Yol
) Retal Prce -

Less than 2 percent of the dtea was sown to HY Ay

Producer Price) Producer Price
vee



accrued as returns to factors in this sector.
While not altering the total benefits from
new rice varieties, this aspect has impor-
tant distributional implications, and future
work will examine the components of this
increase.

BREEDING

Potential new varieties

In 1975, the CIAT Rice Program
continued cooperation with the Instituto
Colombiano  Agropecuario (ICA) in

promising lines for future varieties. Four-
teen lines were tested at 21 locations with
irrigation and at three locations without
irrigation in major rice areas cf Colombia.
These regional trials were financed by the
Federacion  Nacional de  Arroceros
(FEDEARROZ), conducted by personnel
of FEDEARROZ and ICA, and evaluated
by staff of those groups and CIAT.

Table 3 shows average yields for the 14
lines and the five commercial varieties in
five major climatic and rice producing
regions of Colombia. Nursery and field
trials were also conducted in Guatemala,

developing, testing and multiplying Panama and Costa Rica and information
Table 3. Average rice yields {(kg|haj* of 14 lines and S varieties in 21 irrigated regional trials in Colombia
(1975A).
Valle Tolima Average,
and and Atlantic Northeast Meta all
Caucaf{d)** Huila(6) Coast(4) Zone(3) 4) locations
Lines
4403 6,337 8.914 6,676 6.853 5.307 7,029
4418 5.745 7.715 7110 6.690 4,875 6.559
4419 7.736 8.000 0,461 5,613 4.886 6,805
4421 7.096 8.956 6.878 6.398 4,902 7.065
4422 7.884 9,221 6.326 6,573 4.509 7,128
4416 5,499 6,910 5.963 5373 RV 5,68
443K 7.216 6,625 5.981 6.250 4437 S.681
4440 8.870 8,725 7.563 7.456 5.445 1.579
4444 7.459 8,451 7.020 6.983 4,943 6,981
4461 5,960 H.696 6.538 6,180 3444 5.880
4462 5.874 7.290 7,201 7.166 4,525 6.475
4467 7.771 7.496 6.086 6,513 4.466 6,521
446% 8,515 8.095 7.266 8.270 1.876 1372
4469 7175 7.890 6,140 7.316 2.637 6.334
Commercial
va..cties
CICA 6 5,725 7.296 6,183 6.070 2827 5.835
CICA 4 6,496 7.091 6,711 0,173 3.298 0,088
IR 8 6,881 7.061 6,223 5743 2.096 5.828
IR 22 $.710 6,218 6.315 5.290 3068 5.481
Bluchonnet 50 4,222 4,254 4.698 4446 2.556 4.107

* Yields are for dey padds nee

**  Numbet of tral locatrons in cach zone.
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collected on resistance to rice blast disciase
caused by Pvricuduria orvzae. Sixolines
were selected from the 4 based upon their
vields and observations of blast resistance.
iodging, Sogatodes reaction, growth cyvele,
plant height, shattering rate and milling
and grain quality. lable 4 compares
reactions to rice hlast and the milling
quality of the six lines with commercial
varieties. After another season of regional
trials, one or two of the lines will be named
as varieties and basic seed will be released
in 1976 tor certified seed production.
Figure 1 compares the quality and length
of grains of the six promising fines.

Seed multiplication

Extensive purification and multiplica-
tion of the 14 advanced genetic lines were
accomplished during 1975, Two-hundred-
fifty panicle selections of cack line were
planted in seedbeds and material of cach

panicle was then transplanted into a single
row to observe uniformity of plant type
and vield. Fight Iimes were rejected because
ol undesirable plant characteristies or
because of reported susceptibility to rice
blast in the regional trials.

Because of the seriousness of the rice
blast disease oncommercial varicties, seed
multiphcuation ot the six remaining blast
resistatit lines was accelerated by pulling
voung plants, separating their tillers and
retransplanting. Table S shows  the
pedigrees and amount ot seed produced for
these lines, 'The resistant lines 4440 and
A4 were segregating for grain tvpe and
will be repuritied and multiplied again in
1976.

A new  svstem of  continuous  rice
production discusse! fater in this report
will be used for multiplving sced  as
NECUSNAry,

Table 4. Reaction to Piricrduria o zae and grain quality characteristics of o lines and S varieties of rice
(19754
Py zae Gram charactenistios
1 cat Damage to Milling AMilled griun
reaction neck (°7) index (/1) length(mm)**

lines
3421 Rosistant S 61.0 7.2
4422 Resistant ¥ 94 7.2
4440 Resistint 2 49K 7.2
3444 Resistant R 0.3 7.6
4464 Resistant 3 56.7 7.8
44062 Rusistant 3 484 7.6
Vaticties
CleN 4 Susueptible 2 70.7 68
CICA 6 Muoderately

susceptible 16 727 7.0
IR X Susceptible 23 27.6 6.5
IR 22 Susceptible 1% 71.0 7.0
Bluchonnet S0 Maoderately

suseeptible 13 63.0 7.0

¢ Nvetape o 2 repmnngd tnads an 0 abambig

** Whole white s and 3,4 of normd wse
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Figure 1. Comparison of lenpths and physical appearances of seed of six advanced rice lines at ('IA'I'..
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Tabic § Parentages of advanced lines of rice purified and multiplied by CIAT (1975).

Seed

Line Cross Pedigree produced (kg)

4421 IR665-23-3-1 x F1 P901-22-11-2 1.300
(IR841-63-5-104- 6-1-18
IB x Cdb-15)

4422 IR665-23-3-1 x F1 P901-22-11.5 1.333
(IRS31-63-5-104- 3-2-18
IR A Cdo-135)

$440 CICA 4 x FI(IR665- PYI8-25-1-4-2 : 18
2321 x Letep) 18

4444 CICA 4 x FI{IR06S- PY18-25-15.2 _ 360
233-1 N Tetep) 3-2-i8

4401 IR22 x F1(IR920- PRNTE-19-22-12 420
47-8 x Col. ) 1B-6-18

4462 IR22 8 F 1 (IRY30- . PRRY-19-22.12 1,000
47-8 x Col. ) IB-7-118




Blast resistance

A small group of elive sources of blast
resistance has been dentified in the world
collection of rice by the International Rice
Rescarch Institure (IRR Dyand couperating
national programs. These sources have
demonstrated  broad  resistance atter
several vears ol evaluation in many
countries. The CIAT Rice Program has
transterred resistance trom four of these
sources  letep, Dussi Hatl, C46-15 and
Colombia | into agronomically aecep-
table plant types. Breeder seed of superion
resistant fines selected from these crosses
was produced in 1975 tor seed multiplica-
tion, regional testing and the release of new
varieties in 1976, These new varieties carn
resistance derived from only ene parent,
Experience indicates that single-source
resistance breaks downsitiera few eveles of
commercial plantings.

Two new approaches wo hlast breeding
were nitiated i 1975 o prolong
resistance. The first method attempts to
combine multiple sources of resistance in
new varieties. o achieve this, ten blast-
resistant, advanced lines were selected
from vield trials, These Hines carry different
fevels of resistance from Tetep, Dissi Hatif,
Ca6-15 and Colombia 1. They were
intercrossed to give 45 single crosses that
were planted in March, 1975 only to
produce the new crosses and not to be
advanced 10 the field. A total of 587
multiple crosses were harvested in August.
1975,

Fhe multinle crosses were produced by
sclectively combining the B single crosses
and crossing them with an additional line
having the blast resistance of the variety
Carreon, another  source  of  broad
resistance. Over 12,220 seeds were produc-
ed from these multiple crosses which
recombine three or tour distinet sourees of
resistance in cach combination. Fifteen
crossed seeds of cach multiple cross were
germinated. the seedlines exposed to blast
disease. and the resistant ones transplanted

in the field in October, 1975, providing an
chormous source of resistance and other
permplasm for selection,

Lhe second approach to blast resistance
breeding is a moditied multiline procedure
featuring two highly productive lines well-
adapted in the Americas. The Jines 4417
and H21were cach crossed with o series of
sotrees of broad resistance having good to
excellent agronomic characters, by com-
binations will be hackerossed i 1976 o
lnes 4317 and 4421 to recover their plant
ard gramn types. Resistant selections from
these bacherosses will be carried through
the segicgating generations while selecting
tor the phenotvpes ol the recurrent
parents. By the F- generation a darge
number ot phenotvpically similar lines
having distinet genes for resistance will be
available  for nternational  evaluation.
National programs can bulk seed of several
siumtar lines careving distinet resistance
tactors 1o produce their own multiline
varieties.

Internatioual regional trials

The Rice Program has trained 68 rice
technicians from 13 Latin American and
Caribbean countries. Upon returning to
their home countries. some  of  these
persons continte to work ¢losely with
CIAT in evaluating genetic material
developed at both IRRE and CIAT,
Observations from these cooperative testy
provide valuahle information on  the
adaptation of' certain genetic lines or
varieties over a broad arca and under many
climatic and soil conditions. In recent
vears, CIAT has sent seed ol promising
lines and varieties to every rice-producing
country in Latin America for evaluation,
I he rice agronomist has made annual visits
10 most of these national rescarch sites to
assist in evaloating the material, to assess
the reliwbility of rescarch results and 1o try
to advise on wavs of strengthening and
unproving the progriom.

In generall practically all the CIAT-
FRRT lines are resistant to the races of blast
I-9
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in Central and Southern Brasl, Uruguay,
Argenting, Paraguay and Bolivia. 1iney
and variceties that are suseeptible to blast in
Colombia are also usually susceptible jn
Guvana, Venesuela, Ecuador, Pery, and n
Central American and Carthhean coun-
tries. Wherever (he varieties are resistant
and good cultury] practices are nsed. the
better dwarf plant. adapred material s
viclding from one 1o IWo tons more per
hectare than traditional locy] 4 arieties,

AGRONOMY

Weed and volunteer rice control

Mechanical  Jand preparation  can
destroy weeds and volunteer rice, howey er,
this practice also brings up more weed seed
to germinate later. Certain herbicides can
control weeds during germination while
others  control established  weeds, The
objective is to select single herbicides or
combinations which control weeds and
which can also be applied in &4 manner to
control volunteer and red rice. Control of
the two rice weeds is urgently needed,
espectally in direct-seeded rice arcas where
IWo or more crops per vear are possible,
The dual control of weeds and volunteer or
red rice rules out the use of selective
herbicides,

Mechanical land preparition was com-
pared to two applications of paraguat after
rice and weeds had germinated. Three
successive weed crops were killed by rotary
tilling in dry soil in one treatment while
paraquat was applied twice ¢ ten-day
intervals (0.5 kglha ad each time) in
another treatment, Pregerminated seed
was broadeast over the entire arca, No
additional weed control measures were
made after seeding, however, had they
been applied, it i« possible that vields
would not have differed. Results of these
exploratory  (rials show  that  (wo
applications of paraquat may be superior
to dry land preparation, Much higher weed
and volunteer rice infestations occurred in
F-10

the rotary tilled plots due 1o bringing up
weed seed from lower depths. Results with
Paraquat indicated  (hay applying non-
selective herbicides may cffectively control
weeds and volunteer rice hefore planting
the main crop,

A series of experiments followed. one in
which herbicides were applied to the soj)
betore germination of weedsand volunteer
rice, while in the second, herbicides were
applied to  the growing  weeds  and
volunteer rice 18 (o 25 days after germina-
ton.

Although some rice herbicides in the
first experiment considerahly  reduced
weed infestation, none wits sufficiently
etiective i controlling volunteer rice
germination, Only atrazine, a corn her-
bicide used as 4 check at I kglha active
ingredient, etfectively controlled  ger-
minating volunteer rice and weeds. In the
second  experiment, growing weeds and
volunteer rice were hest controlled by two
applications of paraquat (0.5 kgl ha. cach
apphication) at 18 and 25 davs arter
germination, although glyphosare at the
Sime rates and  times way almost g
effective. A mixture of dhglha of MSMA
* L kelha of 2.4-D also Lave good control
when applied 18 days after weeds and
volunteer rice germinated.

Residual herbicide effects

Atrazine, which controlled volunteer
rice. grasses and broadleaf weeds best,
normally has a residual effect inthe soil for
several months, Preliminary tests in 1974,
with difterent flooding periods indicated
that flooding nullified the residual effect of
atrazine and several other  herbicides,
Additional herbicide trials with atrazine,
metribuzin, aluchlor, 24D, terbutryn and
RH2512 were made in 1975, After flooding
for 30 days the areas were drained and
seeded with pregerminated rice, Figure 2
illustrates good control of volunteer rice
and weeds with a mixture of alachlor and
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atrazine while Figure 3 shows no residual
effect on growth of rice seeded  after
flooding for 30 days.

Three herbicides, atrazine, metribuzin
and lunuron, were applied at recommend-
ed, double, triple and| or quadruple rates.
Volunteer rice and weed control and the
residual effect on rice planted after one
month of flooding were evaluated with the
results shown in Table 6. Atrazine con-
trolled volunteer rice and weeds best but
also killed from 16 to 40 pereent of the rice
planted after 30 days  of flooding.
Metribuzin and linuron controtled both
rice and weeds weli and also had little or no
residual effect on reseeded rice after the
flooding period, although the 2,0 kglha
rate of metribuzin did retard growth of a
few of the rice plants. Fuither experintents
are in- progress  to better define the
herbicide, rate and time of flooding and
other cultural practices before recommen-
ding  residual  herbicides  to control
volunteer rice and weeds,

The knotgrass probliem
The grassy weed Paspalum distichum

(knotgrass) is spreading rapidly in rice
growing areas, It usually encroaches from

the edge of the field and bunds by means o
stolons but it also is g prolific seed
producer. In the screenhouse, s b
bicides were evaluated for contro,
knotgrass established by seed o1 -

None of the herbicides fen:
cltective against stolons while seve.
excellent in killing germinating
Propanil was most effective when e
at the 2-3 leaf stage since Knotgrass i,
completely emerged when the applicaio
was made at the single leal stage. Oxadizon
and butachlor also controlled germinating
seeds well. No herbicide seriously inprred
the rice.

It knotgrass  arises from stolons, o
effective pre- or postemergence treatmenis
can be recommended for use in rice.
Stolons  should be eliminated hetore
planting rice by mechanical or chemical
means, then germinating seeds may be
controlled by standard herbicide
applications for control of germinating
grass seed and grasses in the 1-3 feat stage.

The “hoja blanca™ threat

“Hoja blanca™ is an important discase
oceurring in eveles, the last epidemic being

Lable 6. Residual effects of three herbicides in the soil after floeding For one month before planting rice.
Volunteer rice Rice damaged trom
Apphcation rate and weed control restdual eftects
(kpihi) aa) (A )
atrazine 20 0 I6h.66*
atrazine 40 CH 0000
HIBATATIN 6.0 98 40.00*
metrihuzin 0.5 N 0
metnbu/in 1o 85 0
netnibwzin 20 290 6.66%*
lintron 1.5 S0 0
hinuron 0 NS 0
linuron 4.0 20 0

M Dreadd planns
L3 Retarded growth

=12



in 19537-64. T'hie vector of the vitus is the
plant hopper. Segarodes orvzicola, which
can also destroy rice crops through direct
teeding. CIAPS Wace Program has
cmplueased resistunee to Sogatodes and all
the new rosintant to this
vector ondy Clo N aho resstant o the

Shservations mdicate tha

Voo are

VITUS but tnig

resttanes oS ocdades protects the variens

stiack s Ne hon tlanca oat-

hrcar ot hoen

conlirmed thrweh 1974 snee the release
t

ol the now

SToam i
Sowtodes  damave s

AN SN

faant

Antcipatinge o possiblonew cvele ot hoga
i Py

blenca or the appearance of g new raee of
the CEad
COOPLTATIMY Nabicnal Proghains Lo reporn

COMMerenG

Lot D requosted

TN
;.

ifus e et e
dvwart
with the 1R~

vestigated thy vean
Beld was saverely dunaged by hopa blanea
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shaiicthies ol

varicios wo reports of pioblems
vatiety i Colombig were

In one mstanee o

evaltaied onoaoset o
arowit reaction to o deect teedmg injury
None ot the uoects collecied were found 1o
be tram o new race.

(and

In Petin report of vints dimane i HRs
v estiated and

and Hocal vanenes was
severe ho blanca attack was continmed
withough fow ansects were present, e
altected Lelds wore alb trasplanted coops
[ appatent Mt sais section ool red
i the scedbods oo g.oan
carly  yrowth e Variety s
resistant 1o the e

application i the
recommended 1o control Sogatodes. and
thus the sites. i tature crops Noevidenee
stgpests the presence of o new race o)
Sogatodes in Penn

Uaneplantn
when no
A\n

~eeddbeds

insecticude
Wil

A report ol heiavy vius and  insect
damage i IR Kand other varictios wirs ilso
receved from Cuba. A set of dilferental
varieties was sent to Cubi to clanfy
varictal reactions. A rediprocal ser of

Cuban vareties was requested Tor evilua-
donat CEA T but hus not vet beenreceived.

ENGINEERING STUDIES

Water control

A 2danch diamoers asaal tlow pump
was completedinstatled and tested during
975 1 his pump. when driven at 840 rpm
o the power takeeft of o tractor,
delivered 55 1o 63 cubic meters per minute
acainest o variable head from 0w 180
centimeters. Dhe pump s designed forcase
of tocal munibactire and tow cost both
pump and e mstadlion and
spration, Design changes are heing made
hetore releise ot the desiens in 1976, The
mteresting teature s the simple
mounting of the pump oo henzontal,
convicte pipe culvert istaltoa i diain
cressinge inder a toad o protective levee.

ol the

ot

Muchine mobiiity

Sinee tractor mobility i saturated fields
moan mpoertant fuctor monee production

for enablimg cthicrent water Jeveling,

wetland preparation and transport of
harvesred  vrain ltom  liclds, the
avncnltural enmineer worked  on this

problen while onstody leinve at Loutstina
Stute Unneraty Prodiction equations
weredeveloped bor torgue, traction, rolhing
fesistance. and sinhawe of pneumatic tires
m soltelas sorls T hese couations commbine
the varnebles of tire waidth, diameter,
detlection, werght on tire and soil cone
mdex values, Frgaie 4 dllustrates the
relationship between measured pull and
predicted pull. o practical application of
the theorv at CIA T, worn-out lugs were
removed from a used 231 x 26-ineh rice
and cane tire to permit the tive to fit within
the himted space of a4 combine made lor
smaller tres. The smooth tires were
inflated to about 3 pst or less allowing a
large detlection on the sail surtace. This
detection provided better mohility,

[ R
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PUBLICATIONS *

CHEANEY, R.L. El control de arros rojo con herbicidas de accion residual. Cali, Colombia, CIAT. 1975, Idp.

Paper presented in Reunion Anua) del Programa Nacional de Arroz. Bstituto Calombiano
Agropecuario, Santa Marta, Colombia, 1975,

. Bl mancjo del agua en sistemas de tangueo. Cah, Colombin, CIAT 1975 Hp.

Paper presented in trienmg caurse lor agronomists of the Federacion Nacional de Arroceros of
Colombia. 1975,

———— . Flmanejo del cultivo de arros, Cali. Colombia, CIAT. 1978 Lip

Paper presented at Postgraduate course tor soil techmcians. Centro Interamericans de Desarrollo
Integral de Aguas v Tierras, Universidad de Jos Andes, Merida, Venesuch, 1978

.. Elmancjo de suclos para ¢l cultivo de arros. Calic Colombi, C1AT, 978 1 2p

Paper presented at posteraduate course for soil techmicians, Centro Interamenicano de Dewrrolio
Integral de Aguas v Tierras, Uniy ersidad de Jos Andes, Mérida Venesuely, 1978

JOHNSON., 1., Mobility equations tor pacumatic tire performance in ol clay soils. Cah. Colombi, CIA T,
1975. 31p,

Paper presented at Annal Meeting of Amierican Society ol Agricultural Fngineers, University o
California, Davis, 1975, (Paper Na. 75-10123),

* This list includes only journal articles published outside CLAT series.
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Training and Conferences

Postgraduate training and conference
activities at CIAT continued to expand in
1975 at a pace closely related to (1) the
progress in structuring  the sttt and
strategies of the research programs: (2) the
new technologies they are penerating; and.,
(3) the recognition by national institutions
of the role of CIAT and of the oppor-
tunities it offers for the transfer. adapta-
tion and adoption of scientitic advances in
the commadities for which it has respon-
sibility,

Expansion of training and conference
activities and those of the Information
Services Unit justified a reorganization of
the former Training and Communications
Program. Information services functions
were merged with those of the library and
documentation center and are reported in
the next chapter.

TRAINING

During 1975, 201 professionals from 27
countries were trained wt CIAT. Ap-
proximately  one-hall of  these  were
postgraduate interns, of which 58 were
rescarch nterns and 45 were production
mterns. Table | summarizes the distribu-
ton ob trainees by categories and by
commodity or field of specialization. Table
2 lists the countries from which various
categories of trainees came. A complete list
of trainees at CIAT in 1975 is at the end of
the Trainmg section,

The number of trainees (201 at CIAT
during 1975 represents an 8 percent
merease over the previous vear. The
inerease in numbers  of - professionals
trained at CIAT in the six vears since
training activities began is shownin Figure

Fable I Irainees processed by CIAT in 1975 classified by mujor field of speciatization and training
category,
Posterad Poterad Vsining
rescarch production Kewearch vesearch Special Short
Freld interns e ns seholars AsOChiey trainees COnses
Bear, 20 oy S 5 s -
Cussava 17 3 2 3 -
Rice 3 (i 2 2 -
Crop production - 244 - - - -
Beet 9 21 4 10 I3 B
Swane 6 - 2 3 . -
Small tarm
syatems I - ! - - -
Others 2 - 3 | 4 n
Total 58 45 20 21 27 30
M Ot the M trainces i Crop Production, 3 oedaled sn Begs T sprcaiized i R and 7ttt i peneral crap pycdin

(-1



Table 2. Trainees processed by CIAT in 1975 clussified by country of origin,
Postgrad. Postgrad. Visiting :
research  production  Research resecarch  Special  Short

Country interns interns scholars associates  trainces  courses Total
Argentina 2
Bolivia 2 2 1 3 8
Brazil 8 3 6 17
Cameroon 1 1
Canada 1 1
Chile 2 5 I 1 9
Colombin 10 13 13 2 3 0 47
Costa Rica 3 l 4
Dominican Republic 1 2 ]
Ecuador 3 3 I 1 2 10
El Salvador 5 1 6
Guatemala 4 7 2 1 ] 15
Honduras ) 1 2
Indonesia | |
Mexico 8 1 2 1
Netherlands 5 5
Nicaragua 2 I 3
Nigeria 1 2 3
Panama 1 I 2
Paraguay . 12 2 14
Peru 3 -1 2 5 11
Thailand 3 3
United Kingdom 1 !
Uruguay ! |
USA ‘ | 6 3 10
Venezuela 1 4 2 7
West Germany 4

Total 58 45 20 21 27 30 201

. Worthy of notice is the proportional
increase in trainees classified as research
scholars (MSA candidates) and visiting
research  associates (MSA level
professionals and PhD candidates), a trend
which is favored by CIAT’s stuif.

The CIAT staff has acquired a more
definite awareness of the extremely impor-
tant role CIAT-trained young scientists
from national institutions can play in the
local validation and transfer of new
technologies generated by the Center's
commodity research programs.
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Training in commodities

The distribution of trainees by com-
modity programs, disciplines and
categories of training is given in Table 3.
CIAT’s primary programs —beef, beans
and cassava —are doing the largest
proportion of the total training at the
Center.

Training activities specific to each
commodity are reported in the respective
program sections. These activities mostly
involve research training in one discipline
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ot a commodity program. In the case of the
Beef Program, these activities also include
the structured Livestock  Production
Specialist Training Program (LPSTP),
fourth in a series of ten to [2-month
courses that began in 1970,

The team approach

A notable development in training for
commodity research in 1975 s the
simultancous training of “commodity
research teams™ or “rescarch-production
commodity teams.” Thisapproach seeks to
bring three or more young scientists from
the same institution to CIAT for training in
a single commodity. at the same time. Each
trainee should specialize in a discipline of
critical importance to the production of
that species in his country. In the case of a
production specialist traince, he should
concentrate on one commodity. In thisway
it is possible to equip interested countries
with a self-reinforcing teum of at least three
scientists centered on one commodity, i.e. a
breeder, a pathologist and an agronomist
or a production specialist. This approach

has been tried by the Bean Program, for
Chile and for Guatemala and in the
Cassava Program, for Tharand and for
Mexico. Although results remain to be
seen. this tactic appears to have a greater
chance of success for the rapid transfer of
CIATs technology and for national
commodity rescarch than the traditional
one-at-a-time approach to training scien-
tists from national institutions. In the
future this approach will be encouraged as
much as possible.

Training in management of experimental
stations

Earlier effors in station management
training have evolved this year into a
comprehensive  training  plan  ¢ncom-
passing the various aspects of this impor-
tant operation in research institutions.
There is an apparent need to assure
adequate  administrative  and technical
support, at the experimental station level,
to national rescarch programs in beans,
cassava, rice, maize, beef and swine. This
need, together with the comparative
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Table 3. CIAT trainees appointed and | or completing training during 1975, by specialization in commodity program and training category.

]
& Postgrad. Postgrad. Visiting
research production Rescarch research Special Short Total in Grand

Ficld of specialization interns iuterns scholars associates trainees course sub-program total
BEANS lagronomy 3 2 5

biometrics 2 2

breeding 4 4

economics 3 1 34

ag. engineering ! 1

entomology 4 1 1 6

pathology 1 ! I 3

physiology 2 2 4

soil microbinlogy 1 1 4 6
Beans - 10:al 20 (10)* 5 5 s 45%*
CASSAVA| agronomy 8 8

biometrics ! !

breeding 3 3

economics . ' 2 3

entomology | I

pathology 4 2 1 7

physiology . 1 !

soils : . : . I 1
Cassava - total 17 3 2 3 25
RICE |agronomy ! 2 3

breeding 1 1

pathology ! !

weed control ] ! 2
Rice - total 3 o 2 2 : 1444
Crop production 24+ ) 24

* Of the 24 triinees in Crop Production, 10 specialived in Beans, T specishized 1 Rice and 7 trasned in general crop production.
**  Includes 10) Crop Production trainecs.
***  Includes 7 Crop Production trainees.



Table 3. Continued

Postgrad. Postgrad. Visiting )
research production Research research Special Short Total in Grand
Ficld of specialization interns interns scholars assaciates trainees course sub-program total
BEEF| 3 3
animal health 5 2 4 7 18
cconomics 2 I 3
pastures & forages 2 2 6 10
pastures & forages
microbiology I 1
weed control i 1
Livestack Production
Specialist Training Course 21 21
Beef - tot.l 9 21 4 10 13 57
SWINE | nutrition 2 2
production 6 3 9
Swine - total 6 2 3 1
Small farm systems I 1 2
OTHER FIELDS|
Crop production (MSA) 2 2
FFood and housing 1 ]
Library and documentation ] |
Rural sociology 2 2
Soil phosphate 1 1
Station operations 2 1 3
Weed Control Short Course 30 30
Other fields - total 2 3 1 4 30 40
T Total 58 45 20 21 27 30 201

$




advantage CIAT has in station operations,
justifies the Center's involvement in this
type of training, on a limited basis. Two
experimental station managers, one cach
from Guatemala and Venezuela, each
received three months of training as
postgraduate interns in 1975. Five more
plan to come to CIAT in 1976 for stays of
four to six months.

Training in crop production

Since 1970, CIAT has conducted six
Crop Production Specialist  Training
Programs (CPSTP) with support from the
Interamerican Development Bank (IDB)
and other donors. These seven to [2-month
events averaged 18 participants and
simultaneously covered rice, beans, maize
and cassava. These courses were integrated
for efficiency of instruction, taking advan-
tage of agronomic commodities among
them. Such an approach was desirable
while most of CIATs commodity
programs were still in the early stages of
development.

After five years of trying various
structural alternatives for the CPSTP. a
seven-month course has been developed
with components that make it flexible
enough to be used for individual com-
modities but complete in terms of content
needed for a comprehensive, yet in-depth
coverage of subject matter.

During the fifth CPSTP this vear, the
postgraduate interns were encouraged to
specialize in one crop of priority impor-
tance to their respective countries. Out of
20 participants (six from Guatemala, five
from Chile, three from Ecuador, four from
Colombia and one each from Nicaragua
and Paraguay), ten chose to specialize in
beans, seven chose rice and three preferred
to simultaneously study two crops that are
components of a rotation or are grown in
association. Besides providing technology
on the production of crops, the course also
offered an opportunity to increase func-
tional knowledge and skills on (1) field
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experiments for validating technology; (2)
specific  production  economics-farm
management activities applied to the crops
studied with particular emphasis on cost
analysis; and, (3) communication skillsand
strategies for transfer of technology,
including how to organize and conduct
within-country training, Seventy-five per-
cent of course time was devoted to
practical learning directly on production
fields, experimental plots and small farms
in the Cauca Valley. The other 25 percent
of the time was invested in programmed

conference-discussion sessions,  cost
analysis, reporting and independent
reading.

Short course by programmed planting

As part of the fifth CPSTP, interested
participants received special trainingin the
practice of organization and teaching of a
two-week practical short course using a
methodology of “programmed planting.”
first developed at the International Rice
Research Institute for rice and later
adapted to beans at CIAT. A special 14-
day short course on bean production was
organized for professors and final year
students of the College of Agriculture of
the National University at Palmira,

The method consists of ten plots of any
size with each one planted at intervals of
approximately seven to ten days, begin-
ning 76 days (or a full growing cycle length
minus the number of days duration of the
course) before the start of the 14-day event.

In this way, the ten standard plant
growth stages are available sequentially
from land preparation, seeding and
emergence  through  vegetative growth,
flowering and grain development up to
maturity and harvest. All of the stages are
present in the field during the l4days (or 30
days) duration of the short course. By these
means, the traditional classroom short
courses of limited value given in many
national institutions may be replaced by
practical opportunities to growa crop with
new technology and acquire problem



diagnostic abilities. and associated cost
analyses under a real situation.

It should be noted that this method
depends on the availability of irrigation
and should be conducted during the dry
scason or at least during a mild rainy
season to avoid problems in land prepara-
tion and early stages of plant growth.

Utilization of training by CPSTP par-
ticipants

A survey of the activities of the 20
participants in the fifth CPSTP after they
returned to their home countries revealed
that 14 of them were actively working in
research and development of commaodities
they were trained on at CIAT. Two are
involved full-time with university educa-
tion; three are o charge of organizing crop
production training courses in national
research institutions {in Chile. Ecuador
and Guatemala) and one is managing his
own farm,

Within-country training

The major in-depth involvement of
CIAT this year in regard to assisting
within-country training took place in the
form of the six-month within-country field
phases of the LPSTP for beef. Eleven
participants from Paraguay did their field
work portion of the course on ranches in
that country, in association with the
University of Asuncion and the Ministry of
Agriculture (sec page A-57),

By the end of this course. a meaningful
impact had already been made at the
university there, resulting in a decision to
add one more vear of supervised, in-ficld
training to the required curriculum for
veterinary medicine.

Other successful efforts of CIAT in
support of within-country training includ-
ed (1) limited but productive assistance to
the Instituto Nacional de Investigaciones
Agropecuarias  (INIAP) in  Ecuador,
through instructional inputs to its two-

vear-old - Crop  Producti-n  Program,
organized and conducted by former
trainees in CIATs CPSTP; and, (2)
preliminary assistance to  ae Instituto de
Ciencias v Teenologia Agricola (ICTA), in
Guatemala in collaboration with former
CIAT trainees to organize a six-month
training program in crop production. to
begin in March 1976 and planned to
continue as a long-term program.

Short courses

A four-week Short Course on Weed
Control was co-sponsored by the Inter-
national  Plant  Protection Center  of
Oregon State University and CIAT and
held in June and July. Thirty participants
came from the following countries: Argen-
tina (2); Bolivia (3): Brazil (6); Colombia
(6): Costa  Rica (1) Ecuador (2)
Guatemala (1) Honduras (1); Panama (1);
Peru (5) and Venezuela (2).

CIAT's Biometric Unit taught a two-
week course on Experimental Design for
Field Experimentation in mid-1975 for the
benefit of trainees and rescarch associates
and assistants. Emphasis was on proper
planning and design of ficld experiments,
rather  than on  statistical  analysis
procedures that can better be handled by
central biometric services.

Financing of training

Interest from outside donors to sponsor
training at CIAT continued at a relatively
high level in 1975, Only 82 of 201 trainces
were financed from CIAT's core budget
this vear. Twenty-nine other sponsors
provided funds for 110 others and nine
trainees were self=supported (Table d). The
IDB has generilly been the primary source
of funds for production training courses. A
series of six courses  three in crops and
three in livestock - was completed in 1975
with 1DB financing. These courses, three
more crop courses {inanced from other
sources and the other training courses
conducted or assisted with by CIAT ure
shown in Figure 2.
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Table 4. Trainees processed by CIAT in 1975 classified by source of support.

Postgrad.
research
Source of support* interns

Postgrad.
production
interns

Research
scholars

Visiting
research
associatss

Special
trainees

Short
courses Total

National and international interests:

Agency for International Development
(AID) USA ]

AID and Oregon State University, USA
Banco Central de Guatemala, Guatemala
Banco Nacional de Crédito Rural, Mexico 1

Centro Internacional de Agricultura
Tropical (CIAT) 51

Centro Panamericano de Zoonosis, Argentina
Cornell University, USA

Corporacion Auténoma Regional del Valle
del Cauca (CVC), Colombia

Ecumenical Scholarship Program,
West Germany

Federacion Nacional de Arroceros
(FEDEARROZ), Colombia |

Fondo Nacional de Investigaciones :
Agropecuarias (FONAIAP), Venezuela i

Food znd Agriculture Organization (FAQ)
of the United Nations

Ford Foundation, USA
Interamerican Development Bank (IDB)

International Development Research
Centre (IDRC), Canada

23

30 30

29

* Atfor bulk of financial support provided by or through organization indicated



Table 4. Continued

Postgrad. Postgrad. Visiting

reseirch production Research research Special Short
Source of support* interns interns scholars associates traineces courses Total
International Fertilizer Development

Center (1FDC) i |
Instituto de Ciencia v Teenologia

Agricolas (1CTA), Guatemala 2 4 1 7
Instituto Colombianoe Agropecuirio )

(1CA). Colombia 1 2 3
Instituto Superior de Agricultura (1ISA),

Dominican Republic 1 ‘ 1
Midwest Universtties Consortium for

International Activities (MUCIA), USA 1 1
Peace Corps. USA 1 1
Promocion Agropecuaria, 8. AL Paraguay i i
Rockefeller Foundation, USA 3 3
Seeretaria de Estado de Agricultura,

Dominican Republic i i
Pechnical University of Berlin,

West Germany 1 ]
Fulane University, USA 2 2
Universidad Central de Veneruela,

Veneruela 1 i
Universidad del Tolima, Colombia 1 1
University of Hinois, USA I 1
West Germany, Government of 3 3

o ~
L Sell-supported: 9 9
Total b3 45 20 21 27 30 2m

® Ali or bulh of fmancial suppott provided by or through organization indicated
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Figure 2. Production training and other courses conducted by or assisted with by CIAT and within-country training courses conducted by former CIAT trainees.
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lable 5. CIAT trainces appanted and; or completing training during 1975,

Mo ol trasming Status as of

conipleted as of D, 1978
Name Country Vrea of Study Dec | 19758 (C=completed)
Postgraduate Research Interns:
Acosti, Jests Mexico Cassana plant breeding 3s ¢
Aguilar, Jose W, Fi Salvado Boansue envinecning 3 ¢
Apular. Roberta Costa Rica Cassitsa beans plt pathology 2 &
Alonso, Fredds Guatenuida Beans cntomolog, 4.5 C
Abarado, Fabuan Foeuador Swine pe ot chion sastems B <
Bacaro, Manuel Guatenui SO Dperations 3 C
Bandera, Coraey Brasd Rice agrononn 3 C
Razatar, Hernando Peru Annnal health hemoparastology 2 -
Calderon, Guillermo Peru Vil heaith hemoparasitolopy 12 -
Carrizo, Vicente Panaima Satine . production svatens i2 -
Conche, Altredo Colombia swoeed cortnod 5 C
Cortes, Rene FISalvadon Bt plant pathology 5 C
Cucvas, Fedenieon Domimcan Repubhic Rive plant bieedmye 10 C
Chaves, Jesus Aurchio Cotombia HBeans apronomy 6 C
Dl Vaile, Ricarda Craatenula arncditiural sastems 3.5 C
Dcras. Carlos Pl Salvador Beans cntomaolope 5 C
Doy Santos, Maria Aunbadora Brasid Clssan et emamy 1 C
frives, Maneelo Mevieo Caasan et othng 3 C
Bartan, Carlen tenador Boel pastires & totages 8 C
Pigaeroa, Carlos | nrigue Cruatensia Hoans phvsiotom 7 C
Frowe, Wani, Maria Rrasil Coavsina plant breedig s -
Fukuda, Chigern Reasil Cossana plant pathalogy 35 -
Guarvta, Carlos Muno 't Sahador Boans v meamy 5 C
Gastae. Ol Riazdl Boans plant hreeding 3 C
Gnraldo, Heran Colombiy Bueans au coonamies 9 .
Gonealer, Victor Moevco Cassavay azrononn 3.5 '
Gutieries, fohn Colombu Heans UL IR SPTRN 5 .
Hurtado, Fraim Bolinvia Boot pastires & torages 38 C
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Table 5. Continued

Mo. of training
completed as of

Status as of
Dzc.. 1975

Name Country Arca of Study Dec.. 1975 {C = completed)
the, Donatus Nigeria Cassaval biometrics C
Jarupat. Thanakorn Thatland Cassava | plant pathology 7 -
Lopez. Gustavo Colombia Animal health| hemoparasitology 4 -
Madruga. Claudio Roberto Brasil Beef fanimal health | microbiology 3 C
Morales, César Guillermo Peru Beans fagronomy 3 C
Moreno, Maria Teresa Celombia Beans | physiology 12 -
Mufioz, Jaime Eduardo Colombia Beans | biometrics 4 -
Musmani. Miguel Costa Rica Swine! production svstems 6 C
Nobre, Adilson Brazil Cassavaagronomy 7 C
Nudes. José Ignacio Mexico Cassava | entomology 35 -
Orta. César Guillermo Venesuela fstation operations 5 C
Prager. Martin Colombia Beanslag. cconomics 9 C
Quintero. Manuel Mexico Beet | pastures & l"m‘ugcslmicr(\hiology 8 C
Quiros. Carlos Chile Beansjentomology 9 C
Riamas. Federico Honduras Beans | plant breeding 6 C
Ruodrigues. Roberto Brusit Cassavafagronomy 5 -
Rojanaridpiched. Charcinsuk Thailand Cassavif plant breeding 7 -
Ruis. Jos¢ Adan Nicaragua Swine| production systems 4 -
Salazar, Luis Carlos Colombia Beans  hiometrics 3 C
Saldivar. Anacarsis Mexico Cassavalagronomy 35 C
Tay. Juin Chile Beans| plant breeding i0 C
Teruya, Rosa Mercedes Bolivia Beet fanimal heatth{clin. path. 8.5 C
Toro. José Zacarias Yeuador Beetiweed contral 1 C
Vargas. Héctor Armando Colombia Beans | entomology 3 -
Vega, Julio Alejandro Nicaragua Swine|production systems 4 -
Vichukit. Vichan Thailand Cassavajagronomy 7 -
Villa, René El Salvador Beans | plant breeding s C
Villalobos, José Mexico Cassiivafagronomy 35 C
Wood. Rogelio Mexico Cassava|plant pathology 35 -
Yee. Mario Gerardo Costa Rica Swinejproduction systems 6.5 ¢




Table 5. Continued

Mo, of tasning Status s ol

completed as of Dec,, 1975
Name Country Dec.. 1978 (C = completed)
Postgraduate Production Interns
Crop Production
Agurto, Luis Aureho Nicaragui 7 ¢
Amézquita, Mario Guatemala 7 ¢
Avres. Alejandro Chile 7 ¢
Avres, Clara Luz de Chile 7 ¢
Benites, Daaiel Paraguay 7 C
Cacedo. Marnno Colombia 7 C
Ceballos, Lus Fernando Colombia 7 ¢
Cuadra. Pedro Chile 7 C
Delgado. Jos¢ Leonardo Colombia 7 ¢
Flores. Orestes Pent 2 C
Freire, Firen Feuador 6 C
Gonzides, Danilo Guatemala 7 C
Gonzales. Leopoldo Guatemala 7 C
Herminder, Carlos Guatemala 7 C
La Torre, Vieente Bolrvia 25 C
Fara, José Rolundo Guatentals 7 ¢
Licuona, Mano Hohvia 2 ¢
Lapes, Javier Colombia 7 C
Maldonado, Muarco AL Guatemala 2 i ¢
Matheu, Ragl Guatemala 7 ¢
Paludines, Carlos feuador 6 ¢
Seeman, Peter Chile 6 C
Suing, Gerardo Feuador 6 ¢
liska, Vieente Chile 7 <

-~

Livestock Production
Acosta. Sabino Paraguay 10 ¢
Alvarado, Jaro Colombia 1 C
Arcinicpas, Fahio Colombia 10 ¢
Beltriin, Luz Stella Colombii 1y «
Bovd. Charles LISA 3 ¢
Cahallero, Fus Paraguay 10 ¢
Cabral, Severiano Parapuay [{}] ™
Espinotia. José Maria Paraguay 10 ¢
Fernandes, Armando Colombiu 10 ¢
Gonziles. Braulio Paragoay 10 C
Jiménes. José . Colombia 10 ¢
Miciel, Adalberto Puaraguay 10 (&
Ortiz, Flavio Colombi 10 C
Picdrahitia, Francisco Colombiy 10 (&
Regunega, Cebo Paraguay 1) &
Romero, Celedomo Paraguay 10 N
Rubio, Jaime Colombia 1] &
Ruts, Miguet Angel Paraguay 10 ¢
Segovia, Tranquilino Paraguay 10 ¢
Trimdad, Juin A, Paraguay o ¢
Vitlamil, Luis Carlos Colombia 10 C
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Table 5. Continued

Mo. of training

Status as of

Institution completed as of Dec.. 1975

Name Country Arca of Study where enrolled Dec.. 1975 (C = completed)
Visiting Research Associates

Betancourt, Jesis A, Colombia Animal health| parasitology Texas A&M University, USA 6 -
Ellis, Michael USA Beans| plant pathology U of Hlinois. USA 4 -
Evans. David Eric U. Kingdom  Animal health U of London. England 12 -
Hammond, Lawrence USA Soils| phosphate rock Michigan State University, USA 3s -
Hudgens. Robert USA Beans|agronomy U. of Florida, USA 4 -
Job. Titus Nigeria Swine U, of tbadan. Nigeria 6 C
Kleemann, Gunter West Germany Swine Technical Univ. Berlin, West Germany 8 C
Kloter, Kirby USA Animal health Tulane University, USA 1 C
Krausz. Joseph USA Cassava | plant pathology Cornell University, USA 6.5 C
Martinez, Romeo Guatemala Beans|nitrogen fixation Michigan State University, USA 5 -
Ngongi, Amos Cameroon Cassava | physiology Cornell University, USA R C
Pervis. Dennis Canada Beans|economics Michigan Swuate University. USA 35 -
Rubinstein de. Eugenia Chile Economics |animal health U, of Minnesota. USA 12 -
Salazar, Mauricio El Salvador Beef} pastures & forages U, of Florida, USA 35 -
Schelienberg, Rupprecht West Germany Beef echnical Uiniv. Berlin, West Germany 12 -
Schultze-Kraft. Rainer West Germany Beef| pastures & forages 1. Licheg Univ. Giessen, Germany 12 C
Serrano, Alfredo Colombhia Beef U. of Minnesota, USA 3 C
Soekanto, Lebdosoekojo  Indonesia Beef cattle production UL of Florida, USA 8 -
Stolberg, Alexander West‘Germany Beans | production J. Licbeg Univ. Giessen, Germany 8 C
Tewe, Olumide Nigeria Swine U. of Ihadan. Nigeria 6 C
Yates, Juanitc USA Animal health ‘Fulane University, USA I C
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Table 5. Continued

Name

Country

Area of Study

Institution
where cnrolled

Mo. of training
completed as of
Dec., 1975

Status as of
Dec.. 1975
{C = completed)

Research Scholars

Acuria, L G
Altieri. Miguel Angel
Ahvares, Camilo
Cardenas. Moises
Castafio, Jairo
Celeri. Walter H.
Domingues. Carlos
Gareds, Cardos
thidalgo. Rigoberto
Laberry, Ratacel
Muatios, T uz Leonor
Morales, Leopoldo
Morales, Victor
Ramires. Luis F.
Riuvas, Libardo
Rueda, Camilo
Samay o, Ote
Santa Maria, Gilberto
Santos, Jorge

Vargas, Octavio

Cotombia
Chile
Colombia
Mexico
Colombia
Ecuadot
Colombia
Colombia
Colombia
Peru

i’cru
Colombia
Colombia
Colombia
Colombia
Colombia
Guatemala
Guatemala
Colombia

Colombia

jcrop production

| physiotogy i w. control
Cassavafag. economics
Beans | plant pathology
Rice | plant pathology
Swine | nutrition

icrop production

{ag. engineening
teans | physiology
Cassava | plant pathology
Cassava i plant pathology

Iweed control

isoit microbiotogy
Beet fanimal microbiotogy
Beeffag, cconomics
Beet, animal health

tap. cconomics

fag. economics
Swine ! nutrnition

fentomology

U ot Guelph, Canada

Fael Graduados, 1CA, Colombia
o Catdhica de Chile

Fses Graduados, TCA, Colombia
EFseo Nall Agricultera, Mexico
Ese. Graduados, ICA. Colombia
tof Guelph, Canada

Eoes Graduados, TCA| Colombia
Cornell University, USA

s Gradusdos, TCA| Colombaa
UNab Agraria, Perd

Fae. Graduados. ICA,| Colombia
oot Florida, HSA ’

U Antioguia, Colombia

U Catdlica de Chile

Faeo Graduados, JCA, Colombia
U Catdlica de Chile

el Graduados, 1CA, Colombia
U of Guelph, Canada

Cornedl University, USA

@)

0N

NN

NN
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Table 5. Continued

Mo. of training .
completed as of

Status as of
Dec., 1975

Name Country Arca of Study Dec.. 1975 (C= completed)
Special Trainees

Alvarez, Olga Lucia Mexico Food and housing C
Caicedo, Elizabeth Colombia Agricultural economics Q0.5 C
Cetrangolo, Roberto Uruguay Animal health 2 C
Cortez, Migucl Bolivia Beef| pastures & forages 0.1 C
> Jestis, Francisco Venezuela Beef] pastures & forages 1.5 C
Da Silva, Amadeo Brazil Animal health 2 C
De Figueiredo, Marcio Brazil Animal health 2 C
Docal, Digna Maria USA Animal health| biology 1 (o
BDocal. Maria Victoria USA Animal health]zoology 1 C
Dorresteijn, Hans Netherlands Rural sociology 5 -
Ferninder de. Thisbe Venezuela Beans | microbiology 2 C
Galeano, Antonio Paraguay Ricefagronomy 2 C
Garcia, Alvaro Colombia [ soils microbiology 25 -
Keim. David USA Beef | pastures & forages 2 C
Luzuriaga, Hugo Ecuador Cassavi | ag. cconomics 3 C
Munevar, Fernando Colombia - | soils microbiology 3 C
Naujenis, Romualdo Venezuela Beef | pastures & forages 2 C
Orovco, Luis Mexico Animal health 2 C
Pereira, Luis Gonzaga Brasil Animal health’ 2 C
Rewinkel, Bernardus Netherlands Beef | pastures & forages 3 -
Rewinkei, Margaretha Netherlands Beel | pastures & forages 3 -
Rod s, Jorge E. Paraguay Ricefagronomy 2 C
Strabosch, Peter Netherlands Rural sociology 5 -
Taveras de, Dulce Maria Dominican Rep. Library & documentation 2 C
Taveras, Pedro Dominican Rep. Cassava | heans|soils 2 C
Tesoro, de Delia Venezuela Beans | microbiology 2 C
Van Dam, Wim Netherlands Beans | entomology 5 C
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Tabie 5. Continued

Name

Area of Study

Mo, of tramin,
completed as of
Dec.. 1975

Status as of
Dec., 1975
(C = completed)

Abvares, Guillermo
Andrade, Vo

Atencio, Filiberto
Bohorquer, José Gabriel
Clement, Achilles
Corter, Miguel

Covolo, Lorenzo
Chaquilla, Oscar
Dell'Agostino, Eduardo
Fitho, Ricardo

Garrido, Juan

Hua nca. Felin
Jaramillo, Hernando
Larrea. Nebson Eduardo
Lapes. Ricardo Luis
Laoper. Luis Orlando
Mago. Farique Gonezalo
Martines. Forigue
Mudors, Fose Ahuaro
Odenana, Oue Ratael
Orrego, Diego

Raigoza. fuan
Restrepo, Manuet
Radrigues. Rolindo
Siva. Flguin

Soto. Adolta

L rbhina., Norberto
Velaseo, Francisco
Wassano, loshio

Lake. Cine

Country
Colombia
Brazil
Peru
Ecuador
Brasi
Brasit
Brazil
Peri
Argentina
Brasil
Venesuela
Pera
Colombia
Pera
Argentina
Panama

Veneruela
Colombii
Guatemala
Ecuador
Colombin
Colombia
Colombhia
Bolivia
Pera

Costa Rica
Honduras
Bolivia
Brazil
Brasil

Weed Control Short Course
Weed Control Short Course
Weed Contral Short Course
Weed Controt Short Course
Weed Control Short Course
Weed Contiol Short Course
Weed Control Shott Course
Weed Contral Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Cogrse
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Contiol Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course
Weed Control Short Course

Weed Control Short Course
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Postdoctoral appointments

CIAT has now formalized fellowship
opportunities for postdoctoral research
“projects within the commodity programs.
The Training and Conferences Program
now administers these fellowships., The
postdoctoral program is primarily intend-
ed to initiate young scientists with outstan-
ding academic records into research in
tropical agriculture and into commodity
production orientation. However, itisalso
a means for providing additional research
manpower, on a short-term basis. for
certain priority or temporary problem
areas of the commedity programs.

Three postdoctoral fellows were ap-
pointed to this program in 1975 to conduct
rescarch  projects  within  the Bean
Program. The fellows and their research
interests are: Dr. F. Eskafi (entomology);
Dr. Y. Hayakawa (physiology); and Dr. K.
Yoshii (plant pathology). The three
fellowships are funded by the Rockef :ller
Foundation.

CONFERENCES

An improved pattern of planning and
execution of conferences has emerged
during 1975 as experience has been
acquired in selecting participants and in
setting up meeting programs,

There has been a definite trend towards
limiting workshops and seminars to groups
of 30 to 40 participants and CIAT events
have rarely had more than 60 participants,
Apart from the logistical advantage deriv-
ed from more limited numbers, there has
been a noticeable increase of interaction
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among participants and grea'er coherence
of results.

Pre-meeting planning has also been
tightened.  Whereas  wide organizing
responsibility has been given the Manager
of Conferences and Symposia, final
decision-making responsibility has been
narrowed to one, or at most, two person-
within a steering committee. This step has
also  increased fluidity  and  reduced
duplications and gaps in logistical aspects
of meetings.

With regards to conference proceedings
or even just reproductions of authors'
versions, plans have been made to include
the Information Services Unit in the first
phase of organizing a workshop or
seminar. This should force planners to
make an earlier decision on what to do
about invited papers, and will insure a
quick publication of the kind of document
required. within the norms of CIATs
standards.

The year 1975 has been a very busy one
with 4 very high rate of conference room
occupancy. For the first time, on six
occasions this vear, records showed 100
percent conference facility occupancy.

Fifteen events were organized, spon-
sored or co-sponsored by CIAT and
attended by 650 invited participants and
about 300 observers (Table 6). Four CIAT
training courses also utilized various
conference facilities from time to time.
while throughout the year, the commodity

programs frequently use one or more

conference rooms for internal mectings. In
addition. CIAT hosted 33 other events
which were  sponsored by numerous
institutions and which involved more than
1.300 persons.



Table 6. Events held in CIAT conference facilities in 1975,

No.of

Date Exvent participants
CIAT sponsored:
Jan. 29 - Feb. 6 Cassavi Advisory Commuttee and Festing Program 11}
Feb. 1-6 CIAT Program Reviews o0
Mar. 17-22 [he epidentiology and control of anaplasinosis

and babesiosiv i Fatn Mmenea 0
Apr. 7-12 Potential of the Tatn Amencan Tropies,

HCA-Tropreos 20
Apr. 14-15 Workshop on Nature ad Organization, CIAT

Agnicultural Systems Program 20
May 22-24 CIAT Presentation Davs 40
Aug. 25-30 The ecology and control of external parasites

of cattle of economic mmportanee n Latm Americd. 75
Sept. 1-2 Review ot Anmmal Health Uit at CLA 10
Oct. 13-16 Workshop on Genetic Improvement ot Dry Beans

and Germplasm Resources 6l)
Oct. 20-22 Bean Program Adsisory Comnmutter 12
Nov. 17-18 Characterization of the cattle industry in

selected countries 15
Nov. 2628 FEconomir analssis i the desien ot new technology

for the small tarmer 35
Nov, 29 Mecting ot agncultural cconomists from

International Centers 8
Dec. 1-3 Bean Protection Workshop 100
Dec. 9-12 CEAT Program Reviews 60
CIAT sponsored trainéng courses:
Feb, 3-Julv 30 I e teck Production Speclists 21
Mar. 3Masy 30 Crop Fooduction Speaiabists 25
My 19-31 Expenmeral Desypn Course 10
Dec 1-19 I vestock Production Spectalists 28
Sponsared by other institutions:
Monthly SENA regonal representatives

meetings {14 events) 4R0
f-eb. 1015 Marketing Management - INCOL DA 15
Apr. | Meeting of Latin American Mianisters

of Agriculture 35
Apr. 12-14 Meeting of Colombun Ministers ot Agriculture and

managers of related mstitutions 30
May 13-15 Universidad Nacional (Colombia), briching on CIAT 10
May 25-30 Production Management - INCOEDA 45
June 2-13 Seminar on Nutnition - Catholic Rebet Services 40
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Table 6. Continued

No, of

Date Event participants
June 16-21 Meeting of regional representatives, Friedrich

Naumann Foundation 30
June 18-20 Meecting of ICA regional managers 15
June 24 Management in Maize and Sorghum - FENALCE 30
June 27 Meeting of Colombian Regional Agricultural Secretaries 20
July 2-5 " Meeting of Banco de Ia Republica branch managers 12
Sept. 15-19 AID regional representatives meeting 60
Oct, 6-8 Catholic Relief Services—USCC Representatives 25
Oct. 25 COOMEVA General Assembly 100
Nov. 12-15 Seed Production Management - ACOSEMILLAS 16
Nov. 28-29 Meeting of the Federacion de Asociaciones

de Odontdlogos 25
Dec. 4-6 American Phytopathological Society—Caribbean Division 150
Dec. 18 Meeting of the Asociacion de Médicos del Valle 100
Non-CIAT sponsored training courses:
Apr, 8-11 ICA Pastures and Forages course 30
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Library and

Information Services

The Library and Information Services
Program is dedicated mainly to diffusing
to scientists throughout the world,
technical information related to the com-
modities on which CIAT does rescarch. It
is also responsible for the institution's
public image. Thus, the program was
reorganized at the beginning of 1975 into
three subprograms or units; Library and
Documentation, Information Services and
Public Information Office.

Library and Documentation Center

The library’s collection stands at 35.000
volumes (including bound journals) and
receives 1,284 scientific journals regularly.
In addition to the normal activities of a
specialized library, there is a documenta-
tion center providing abstract cards on
cassava, beans, animal health and Latin
American agricultural economics. This
center had about 2,000 subscribers during
1975, Some 2.500 documents were proc-
essed in the four areas mentioned. and a
compilation of 2,000 abstracts on cassava
was published in book form,

The Tables of Contents service. whereby
scientists may  request photocopices  of
articles from scientific journals received by
CIAT. was modified, grouping the jour-
nals into three categories: animal sciences,
plant sciences, and agricultural economics
and development (CEDEAL).

In this way it was possible to extend the
service to all agricultural scicntists on
CIAT's mailing list for Latin America. An
estimated 2,000 scientists were receiving
this service as of January 1976, Ty
facilitate payment of photocopies inter-

nationally. a system of coupons was
designed.
Short  bibliographies, containing as

many abstriacts as available, were pro-
duced by the library on specific topics by
special request: these were included as a
CIAT publication series for further diffu-
sion. available on request.

Public Information Office

A total of 3.000 visitors (including
groups) were handled by this office during
[975. In addition. the policy of regularly
informing the public on the development
of certain conferences and symposia held
at - CIAT  was  initiated, stimulating
relations with the media. Technical articles
on CIAT appeared not only in the
agricultural sections of the Cali and
Bogotd newspapers but also in some
national and international magazines.

Information Services

The addition of staff and equipment
made 1t possible to publish and distribute
33 CIAT publications. A major change in
the format for the Annual Report is also
being implemented for this year. Separate
commodity reports are being issued for
distribution to individuals according to
their special interests. The comprehensive
report has a more limited distribution to
rescarch centers and libraries only. In
addition, a summary report emphasizing
accomplishments in 1975 is intended for
the general public.

The following publications were issued
in 1975:
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CS-10
CE-10
CE-11
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Noti-CIAT. Noviembre-Diciembre, 1975, 4 p.

Noti-CIAT. November-December, 1975, 4 p.

Informe Anual. 1975, 286 p.

Annual Report. 1974, 266 p.

El potencial del frijol y de otras leguminosas de grano comestible en América Lating, 272 o
Potential of field beans and other food legumes in Latin America. 388 p.

The potential of the lowland tropics. 100 p.

Horizontal resistance to the blast disease of rice. 246 p.

El potencial para la produccion de ganado de carne en América tropical. 307 p.

Potential to increase beef production in tropical America. 328 p.

Methods for allocating resources in applied agricultural research in Latin America, 65 p.
Métodos para la asignacion de recursos en la investigacidn agricola aplicada en América Latna. 68 p.

LOZANO,J.C.y BOOTH, R.H. Enfermedades de la yuca (Manihot esculenia Crantz). 1974, 3% P
(Reprinted).

DIAZ,R.0., PINSTRUP-ANDERSEN, P. yESTRADA, R.D. Costos v utilizacion de insumosen la
produccion de yuca en Colombia. 36 p.

CLAVUO, H.y MANER, J.H. E| empleo del banano de rechazo en la alimentacion porcina. INIAP-
CIAT. 20 p.

LOZANO, J.C. El afiublo bacterial de la vuca (CBB). 12 p.
DOLL, J. Control de malezas en cultivos de clima cilido. 12 p.
BOOTH, R.H. Cassava storage. 20 p.

RUIZ DE LONDORO, N. y PINSTRUP-ANDERSEN, P. Descripcion de factores asociados con
bajos rendimicntos de maiz en fincas pequefias de tres departamentos de Colombia, 44 p.

GUTIERREZ, U., INFANTE, M. v PINCHINAT, A. Situacion del cultivo del frijol en América
Latina. 36 p.

1CA-CIAT herd systems project Carimagua. 8 p.

Informacion sobre los programas de! CIAT (giia para visitantes). 8§ p.
Information on CIAT's programs (a guide for visitors). 8 p.
CEDEAL. 6 p.

Frograma de sistemas de produccién de frijol. 42 p.

Bean production systems program. 38 p.

Lista de publicaciones del CIAT. 33 p.

CARDENAS, J., FRANCO, 0. y ROMERQO, C. Clasificacion de herbicidas. ICA-CIAT. 44 p.
(Reprinted).

Guia para la preparacion de compendios, LICA-CIAT, 74 p.
CHEANEY,R.L. v JENNINGS, P. Problemas en cultivos de arroz en América Latina, 96 p.
CHEANEY, R.L. and JENNINGS, P. Field problems of rice in Latin America. 96 p.

2,000 abstracts on cassava (Manihot esculenta Crantz). Vol. 1, 584 p.



Research support groups

BIOMETRICS

The Biometries Unitat CEA T isasery ee

group whose  responsibifities  are the
following:  to give assistance in the

planning and design of experiments and to
render consulting and  data anahses
services o all rescarch and  tunipe
programs at CIA T

Basic Functions

Consultations and statistical analyses

The Uniiofiers constthant servwes prioy
to the inttiation of an cvperiment. Aol
having established the hypotheses that a
rescarcher wants to test with his experi-
ment. Biometries collaborates in the
planning of this resturch, i the decision as
to the type and size of the sample. and i
the selection of the experimentat design to
be ueed. Once the experiment has heen
arried outs the it s tesponsible for
miking the statstical anaivaes of the data
sbtamned on the husis o the experimenta!
Jesign used.

Fhese services have been rendered to all
AT programs and to sonie colluborting
nstitutions such a~ 1CT A m Guatemala,
NEAP in Feuador, FMBRAPA in Bravil
ind HCA in Colombig

svaluation of technology

The Biometries Unit collaborates with
esearch programs in order to measure the
mpitct of new technology that CIAT iy
esting. A classic example s its collabori-
ion in the design and analysis of regional
ield trials for new bean or cassava

vanctes: another example s the support
siven to the analysis of beet cattle and crop
production  svstems  experiments,
However, the most relevant is the designof -
nthematical muodels  that pernng the
evaluation of duterent teehnologicat alter-
matnves  too mprove  agneafturat and
Inestock production.

Research to improse statistical techniques

Dunng 1975 the Unit placed emphasis
on the study ot designs and the analysis of
mare compheated models that arose out of
rescarch program needs such as

FoMuodedls tor anbalanced desipns and
Ay tical technigues tor cach type of
design.

2oEaperimental designs with mised
maodels fmodels where fixed  and
random factors are used simultancous-
Iy

3o Mathematcal models 1o represent
hiological phenomena. In addition to
the cammon regression models, the
it hus worked with models hased on
Fiehig's faw ol himits,

4. The miroduction ol twosstage Jeast

squares techniques tor simultancous
cyuattions models.,

Inorder tarender services ethiciently and
rapidly, the Unithas installed an TBAM 3780
termuinal for direct communication with
the TRM 3701145 computer of the Depar-
timento - Admimistrativo . Nacional  de
Fstadisticie (DANE) in Bogout. CIAT
receives viduable assistance from DANE
through o collahorative agreement on
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information services. The Unit uses the
Statistical Analysis System (SAS)of North
Carolina State University as a principal
means of statistical computation,

Collaboration with
Commodity Programs

The Bean Production Systems Program

An information system has been
designed to handle data for the germplasm
collection of Phaseolus vulgaris. For this
project the Unii has continued using SAS

as a data management system, and most of

the objectives stated initially have been
accomplished. Specifically, the Unit has
created a computer-based file for the bean
germplasm  collections  and selections,
which will be the basis for publishing a
catalog of all existing information on the
most promising materials.

The Unithas also provided ex perimental
design and  analyses services for the
physiology.  breeding, pathology, en-
tomology and agronomy sections of the
Bean Program. At the same time, it has
collaborated in the data management and
analysis of the agro-cconomic SUTVeyY on
bean production in Colombia. which 18 in
the process of being analyzed.

Determination of the optimal size, shape
and number of replicates

The Unit conducted a bean vield trial in
collaboration  with  the program’s en-
tomology group to determine the most
adequate size, shape of plot and number of
replicates in order to minimize experimen-
tal error. Several methods for calculating
vield per plot were also evaluated, Thetrial
was conducted on the experimental farm at
CIAT, Palmira. Linea 37 veas chosen from
a total of 12 materials because of jts high
vielding ability and its use. not only at the
experimental but also at the commercial
level,
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In the trial a split plot design with eight
replicates was used with whole plots
(number of beds: 1. 2 or 3: each bed was |
meter wide): subplots were formed by the
lengths of the beds (1. 3, 5.7.9 and 11
meters), thus making a tota) of 18 plot
configurations per replicate.

In order to determine optimal plot size,
the coefficient of variation (CNY) was
computed for each plot size and charted
against plot size (X) (Fig. 1). The follow g
model (CV = 33,84 X 70547 yag estimated,
using least squares,

Tofind the optimal X, the first derivate
was set equal to one corresponding to an
optimal plot size of 6.72 m>. which for
practical purposes should be said to be 7
m?,

In the determination of the most
adequate  plot shape. several selection
criticra were used:

. Optimum number of beds was selected
on the basis of the one with the lowest
coefficient of variation, which cor-
responded to two beds with a CV of
14.46 percent. Combining this eriterion
with that of optimal size. a length of 3
meters was chosen, which gives an area
close to 6 m?,

2. Taking into account optimal plot size,
variances were taken of plots that had

asH i 1
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Figure 1. The coefficient of variation as compared
to plot size in the determination of optimal size,



the same area or one close to 7 m-,
U sing this criterion, the size with the
least varnine: was iy followss

. hgy
.- .w.\)(m(-:r-)
IRE
For two beds, cach 1 meter wide and 3
meters long.

Ay
RIS ()
ha

but considering the smalier size of the
horders in plots with twoe -mcter-long
heds, this dimension is recommended s
a usetuld crea.

In order to caleubite the optimad numbet
of repheates, the methodology tsed was
that proposed by S0 Romero, T Carney
and B Rojs® It round  that this
number was cquad to thiey

WS

Theretore, tar tescarch on heatis done at
CIAT. whers B0 s novessals to estimale
sield, it s recorsmendad to se plots with
two seed beds 9 1o oo cm wide and o
minimum ot 3 meters long and that the
hasic arriingemeat be repheated at least
thice times.

The evaluation of several methods for
estimating vield in experimental plots

Bras was evaduated tor various methads
used 10 estimating vield. One method that
has hees used to evaluate germplastmwhen
there s hittle seed avaslable consists of
estimating vield from the average of five
plants in competition, taken at random
from the expenimental plot. Bias was
estimated as follows:

Buas - P P

Pisi - Produccthion (hptha) based on a
sample of 5 plants

Py - Total production pur plot

* ROMERO. CH S CCARNEY B )1y ROJAS B
La potencide b pracha enlos dischos cxpeomen-
tales Agroaenciy 10hy 3-800 19660

Ihe overestinuttes tound  were sur-
prising: on the average. they ranged from
1,737 to 1029 ketha tor the I8 proposed
arrangements:  that  is. o overestinites
between 938 and 1773 pereent. Fheredoes
not seem to be any clear relationship
hetween bed fength and the size of the bias.

Although technieat articles often men-
tion  “the  whimg  of  representative
mples” serious Himitations arise in
practice s lar ds representativity I
concerned. Fhis s even more serious in
atttattons where there has been no clear
Jetinition ot the  population being
wampled  Fyen i populations using o
maller number of clements. which as a
whole cin be obsersed previousiy by the
sampler, the taking ol representative
caimplos has i difficulues as canche seenin
several eapermments, wineh adso proves
true i the case at hand where there was
auatetatic overestimation ol vields.

In addiion to bias, vield variability iy
taken into acconnt, using standard devia
ton to measure this factor. There was great
variation mvields, which were based ona
samphng of fnve plants

Althoaph an estimator may be hiased.
this method cin be used in practice if there
isaowan ol learming iie size ot the bias in
crder to make the necessary corrections. In
order to hind the degree of assocition
hetween Pyoand Pesi the coefficient of
correlation between these two clements
was caleulated at the plot level resulting in
avery low value (0.0969),

In spite of this being a siziple, cconomic
system from a practical point of view, the
method for estimating praduction on the
hasis of five plants is not satisfactory lrem
a statistical point of view due to the great
variability, the hias and the low degree of
association found between the production
measured and total plot production (Fig.
]

2).
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The Beef Production Systems Program

The Pait has abso lent assistance o the
“Herd Svstems [ project. which
begun i July of 1972 and which will be
continued ot least until the end o J9°°
Because of the Targe v olime of itformation
generited by this project, it wis NeCessarn
to-desten o data management system tor
the dari So far these objectives lune been
sccomplished — through the crentjon,
mamtenanee and reorganization ot the e
ob dati used tor reference and andlvsis s

W
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well as dhrough rhe andlysis of all the
sitormation obtamed as of July . J07s.

Phe Hond Svaeme | Project has been of
sieatmtcrestro the Biometnes Unit from g
shatistical point of view Due 1o he stee of
the experiment. 1o e Qreat nuimber of
bactors and interactions that are to he
~tudied simultancoush, and (o the
alterations that have had 1o he made tothe
ariginal project, this experiment does not
tollow a traditionad eNpermmental design: o
Bas o number of contounded Luctors, ond



some combinations of factors are not
included in the treatments. In addition.
there ure an unequal number of obser-
vations per treatment.

In order to carry out the analysis, the
c,\pcl'imcnl was divided into three stiges
according to chronological order: grazing.,
reproduction and  culving. Independent
analvses were made of each ot these stages,
studyving the cftfect of diverse relevamt
tactors. Tneach case the model correspond-
od toan meomplete. unbalanced tuctorid
design, Foo statntical computations need-
ed for the respecti e anadvses of variance
and covariance were made using the so-
catled Hurver's program.® which is an
adaptation for computer use of analysis
techmques  tor unbalanced
developed by Henderson **

designs

Lhe Umitalso collaborated with the Beed
Production  Systems Program  in the
TEarly weaning on commerciad farms in
the Coiombian Picdmont™ project i the
selection ot the expernimental design to be
followed and 0 the carrving out of the
statistical analvsis,
cattle

Economic heef

production

aspects  of

Collaboration was  oxtended  to the
LEconomics Unit of the Beel Production
Svstems Program in o establishing  a
computer-hased simulation for the evalua-
nion of beef production technologies. This
simulation 15 used o aid CLAT rescarch
through the testing of technical coetticients
m herd development.

Trainees domg rescarch oneconomics of
beel also received assistance as regards
statistical modelsand anadvses required fon

*CHARVEY. W RO Lcastsguares anaivsis of dat
with  uneqguad [IRYR AW
Washmgton 1960

subclisy numsbers

** HENDERSON C RO},
covarinee
1953

catirne atad

oo e e

Atve o

Coftpuncht 250

the preparation of their theses. particularly
with supply and demand models tor beef in
Colombia,

Animal health

Diataanalvses have been done for studies
o ammal healths nutrition and herd
management, espectdly an what refers to
the epudeniology for beet cattle discases in
the Dlanos Orientales. In addition, the
Biometries Unit participated i the plan-
mng and design o the cooperative
CIAT Texas A&M Universitvi ICA prog-
cot. “Heononue aspects ot the immuniza-
ton o cittle agamst anaplismosis and
as owell as o the general
development of methods for epidemi-
clogead stadies,

bahestonis,”

Pastures and forages

Methodological research was conducted
to adapt u certin Kind of experimental
destgn and analysis to experiments related
Lo pastures and forages evaluation. The
mature of the expermments is characterized
by Iimitiations in operational costs and
difterent tvpes of herd or pasture manage-
ment and by the hiological barriers thatare
found implicitly withm the structure of the
experimental treatients,

The Cassava 'roduction Program

A mathematical model was designed 1o
simulite the physiological behavior of the
cassava plantas regards the process of feaf
and  root formation. The results are
presented o the respective section of the
CHASSIVA program,

A methodology  of  analvsis was
developed tor the cassava regional trials to
fearn the tactors that i “ence the perfor-
mince of the materials heing studied. 1t is
hoped that this analysis, hased on linear
models, will contribute to strengthening
the model of the development of the
cassavi plant, particularky with respect to
Sctors sueh as soil, chimate, discases and
pests.
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The Unit is conducting a joint experi-
ment with the Cassava Program, the
purposes of which are:

I. To determine the response of leaf area
index to fertilization with N und K and
its relaticnship to yield.

2. To establish a new methodology for
conducting trials to determine the
response  surfaces. This research is
being done specifically in relation to
this crop since traditional designs
require very extensive experimental
areas, which are costly with a large
plant like cassava.

3. To utilize the response surface as a
variable in the simulation of the
mathematical model developed to
describe the behavior of the cassava
plant.

Training

A short course was given on
“Experimental Designs and Methods for
Research at CIAT.” Participants included
rescarch associates, assistants and trainees
from the different CIAT programs and
personnel from !CA. The course included
nine sessions (two hours daily each) on the
following topics: experimental methods in
aguculture and livestock sciences; the
methods for managing an experiment in
the field to isolate the hypotheses to be
tested; characteristics of experimental
designs  and  their respective  field
techniques;  appropriate  designs  for
experiments with animals; fundamental
concepts of statistical analysis; linear
models as a basis for experimental design:
examples of analyses for different designs
in crop experiments and in the animal
sciences; pastures and forages; and systems
for handling data obtained in the
experimental process.

In addition to these services rendered
principally in the field of statistics, the Unit
has assumed responsibility for maintaining
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and developing quantitative methods for
evaluating technology within the content
of the farmers situation. This is being done
through the use of simulation models using
computers. With these methods, work on
experiments  will be integrated with
regional trials to evaluate the technology
generated by the CIAT commodity
programs,

WEED CONTROL

Control of purple nutsedge

Rescarch was continued to learn more of
glyphosate’s behavior in the tubers of
purple nutsedge (Cyperus  rotmdus).
Glyphosate is a  postemergence,
translocated herbicide known to control
perennial weeds. Since purple nutsedge is a
prolific tuber producer (up to 45
million|[ha)  precise i, .rmation  of
glyphosate’s action on the tubers is needed.

The first trial compared effects of
various rates of glyphosate and 2.4-D
(reported by several authors to be effective
on purple nutsedge) on the inibition of
sprouting by tubers produced from a single
tuber planted in pots 90 days previously.
At the time of application anaverage of 70
new tubers had been produced, all forming
part of the same plant, and being able to
receive the translocated herbicide. Ten
days after application, the foliage was
removed from the parent plant, the tubers
were dug, counted and planted and
observations made on the number of
tubers sprouting during 180 days after
planting (Fig. 1).

Both rates of 2.4-D failed to inhibit
sprouting and neither 0.5 nor 1 kg|ha of
glvphosate gave significant reductions.
Only half the tubers sprouted after foliage
treatment with 2 kg | ha of glyphosate while
the 4 kg|ha rate almost totally inhibited
sprouting. This is very significant as it
suggests that eradication may be possible if
all tubers in the soils could be made to
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Figure | Effect of glyphosate and 2.4-D applied to fuliage of parent plants on the sprouting of Ciperus

rotundis tubers,

sprout and the foliage then treated with
glvphosate. Tt was also appurent that most
sprouting occurred within 60 davs atter
planting. Nevertheless, after 180 days the
nonsprouted tubers were removed from
the soil and appeared to be intact. Tubers
were solid and the flesh was generally white
but washing them with water for various
days did not cause sprouting. Testing
dissected tubers with a tetrazolium solu-
tion indicated that most were no longer
viable. Why they remained firm and
whether they will ever sprout are being
investigated.

Two trials were done to determine the
time needed between the application and
the accumuliation of sufficient glvphosate
in the tuber to prevent sprouting. Two
rates of glvphosate were applied to the
foliage of 90-day-old purple nutsedge in
pots. At specific times after application,
the leaves were removed to prevent further
translocation into the tubers. The tubers
were immediately cut from the rhizomes,
counted and planted in fresh soil. Periodic
observations on the number of sprouted
tubers were taken (Tubles | and 2).

The ime ailowed for translocation in the
tirst trial was too long 1o find the
minimum. Less than seven davs were
sutficient to give excellent sprout inhibi-
tion, especially at the higher rate, In the
sccond trial. shorter translocation times
and fower rates were emploved. At the |
kgtha rate. 72 hours were needed to give
excellent inhibition. With 2 kglha, 36
hours were adequate. Thus, there is an
interaction between rate and time such that
at higher rates less time is needed for a
sutficient quantity of glvphosate to reach
the tuber and prevent sprouting, while at
lower rates. more time is required. To
obtain nearly total inhibition, at least 2
kglha of glyphosate must be applied. In
hoth trials there was litde  difference
between the nunsber of tubers sprouted at
56 and 95 or 100 days after planting.
Observations were taken for 180 days after
planting but essentially no more tubers
sprouted after 56 days.

Since glyphosate is translocated from
the acrial to the root portion of the plants,
light intensity could be important in this
process. In crops such as banana. coffee,
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Table 1. Effect of time for translocation of two rates of glyphosate on sprouting of Ciprerus rottndus tubers

(Expt. I).
7 of tubers sprouting
Glyphosate Translocation
applied time (days 28 days 56 days 95 duvs
(kg ha) after application) alter planting alter planting atter planting
0 7 94 94 94
14 93 94 94
28 94 94 94
1.5 7 2 3 8
14 17 28 32
28 ] 13
3.0 7 0 b} 0
14 0 0 0
28 0 1] 0

cassava and citrus, considerable shading
can oceur at gound level and may in turn
reduce translocation since the weeds will be
photosynthesizing less. This hypothesis

was tested by applying 1.5 kg|ha
glvphosate 10 purple nutsedge plants
growing under shades providing from zero
to 92 percent light interception. Twenty-

Table 2. Effect of time for translocation of two rates of glyphosate on sprouting of Cyperu rotundus tubery

(Expt. D),

“ of tubers sprouting

Glyphosate Translocation
applied time (hours 28 days 56 days YS davs
(kg|ha) after application) after planting alter planting after planting
0 12 90 91 91
24 90 91 91
36 90 91 91
48 90 91 91
72 90 91 91
120 90 91 91
1 12 86 87 87
pL) 82 83 83
36 52 o9 72
48 36 50 53
7 6 17 n
120 4 15 16
2 12 7 760 77
24 37 54 59
36 2 5 9
48 1 2 2
72 0 0 ]
120 0 0 0
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Fable 3.

shading.

Sprouting of Cyperus rorndus tubers after treatment of the parent plant with glyphosate* under

Y control of
parent plants
28 dass
after planting

¢ shading
of
parent plants

©; tubers sprouting

S0 davs
after planting

28 davs
atter planting

0 94 T »

Kil] u4 2 6

49 94 R) 6

63 96 2 6

73 91 1] K

92 60 0 4
Control 0 92 92

* EShg bt pivphosate appead to parent plants betore shading

eight days later the percentage control was
observed and the tubers were dug., counted
and replanted to determine their sprouting
sapacity (Table 3).

Control of the foliage tended to decrease
as the shade increased above 73 percent.
However, glvphosate was equally effective
at innibiting the sprouting of tubers
attacned to the treated plant at all shades.
In fact. the leusteftective treatment was the
nonshaded one. This iy attributed to the
fact that these pots were exposed o full
sunlight and even though the pots were
watered daily. on hot days they tended 10
drv out. This very likelv  afifected
translocation while the other pots were
shaded and were not subject to such drying

Tuble 4.
rottndis,

conditions. Apparently, glyphosate would
be equally effective under the shades found
in perennial crops,

The highly systemic nature of glyphosate
means that perhaps not all of the plant
need be treated to achieve maximum
etfects. In unother trial. 25, 50, 75 or 100
percent of the fohage on 90-day-old purple
nutsedge in pots was treated with | kg ha
glyphosate. Control ratings were taken 14
and 28 davs later. Tubers were then dug,
counted. planred and periodically observ-
ed for sprouting (Table 4)..

Purple nutsedge control increased both
with timeand ays the pereentage of the plant
treated increased. Perhaps the glyphosate

Effects of glyphosate treatment* on control of parent plant and sprouting of tubers in Cvpertn

¢ control of parent plant

€0 b

n
(BRI

hers sprouting

14 days 26 dass 25 davs St dass

i of parent after after after alter
plant treated apphcation appheation planting planting

0 0 ) 95 46

25 16 i 53 59

50 26 49 27 M

75 25 58 20 28

100 43 70 11 15

. 1 hgiha of ghphosate

-3



rate was too low to provide better control.
Tuber sprouting was similarly affected,
indicating that best results are obtained by
treating the entire plant.

In addition to control studies with
purple nutsedge, the effects of soil moisture
and texture on four plant biotypes were
investigated. Tubers were collected in four
regions of Colombia (Valle, Tolima,
Cordoba and Magdalena) and grown in
soil at moisture levels of 25, 50, 75 or 100
percent field capacity or at the saturation
point of the soil. Dry matter production
increased as soil moisture increased up to
75 percent of field capacity (Fig.2). There
were no differences among biotypes in

—-~— Caérdoba
————— Magdalena
40 ——-— Tolima
Valle
2
I 30
=
o
£
z L
c.
el
3 208
o
©
)
o
.8 -
g
9
101~ K
/
oLl mom oy
s 10 15 20 25

Soil moisture (¢7)

Figure 2. Effect of 25, 50, 75 and 100 percent field
capacity (I, 1L, 111 and 1V, respectively) and soil
saturation (V) on growth of four biotypes of Cyperus
rotundus.
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Figure 3. Effect of soil moisture in four soiltypeson
dry matter production of C vperus rotundus from
Valle, Colombia in 120 days.

foliage dry matter production. The effects
of soil moisture on tuber production were
similar to those on dry matter production
and even in saturated soils, many tubers
were produced. The most prolific tuber
producers were plants from Cérdoba and
Magdalena (143 and 141 tubers| pot,
respectively), followed by those from
Tolima (135| pot) and Valle (124] pot).

More marked differences were caused by
changing soil texture (Fig. 3). The heavier
soils produced more dry matter than
lighter soils with maximum production
coming at the point of moisture saturation,
In contrast, sandy and very sandy textured
soils gave three times less total dry matter
production and less growth occurred at



saturation that at field capacity. Nearly
identical results were observed for the
number of tubers produced.

Both trials indicate that nutsedge woutd
be a more serious weed 1in heavy, wet soils
than in hghter. well-drained soils. This
partly  accounts
controlling purple nutsedge, by whatever
means, i heavier textured soils,

Many new promising herbicides for
purple nutsedge control were tested in
screenhouse and  field trials. Excellent
results were obtained in the screenhouse

with preplant incorporated applications of

K-1441 (5 kgl ha), U-44,078 and U-34.344
(1.5kglhacach)and H-25893 and H-26910
(4 kglha cach). Perfluidone. AC-206.246
and AC-206.490. all at 4 kgiha in pre-
emergence, also gave excellent control.
Poor control was obtained by K-223.
cyperquat, bentazon, MBR-12325 and
amitrol.

In the field. only U-34.078, U344 343 and
K-1441 have given accepable control,
Further trials will be conducted.

Weed seed germination

A two-year study was conducted on the
germination of 20 weed species, Seeds were
collected and germination tests conducted
every two months to determine which
species have a dormancy period and which
ones would survive during the entire test
period.

Cyperus esculenty and  C rotundus
germinated  poorly  during  the  entire
period, confirming that seed germination is
not an important means of propagation for
these perennial, tuber-producing weeds
(Table 5). The grass sceds generally had
low germination, with the exception of
Rotthoellia  exaltara. For this specics,
removing the hull from the seed increased
germination and decreased its dormancy.

for the ditficulty of

The seeds of dicotvledonous species
generally had high germination. The only
species which were not viable after two
vears were  Andropogon bicornis  and
Eclipra alba,

Control of raoul grass

Ruoul grass ( Rouboellia exaltaiay is a
rapidly spreading weed in many areas of
Latin Amertca. s seeds loat on water and
are also often transported in crop seeds,
especially sorghum, due to the similarity in
stzeand  weight. Tt ds particularly
troublesome in maize and sorghum since
none of the herbicides currently available
tor these crops control it.

Raoul grass tirstappeared in fower areas
of CIAT'S farm in 1972, It is highly
probable that seeds were carried in flood
water during a previous vear from i nearby
farm which has o serious nfestation of
raoul grass. Since it was found. a
methodical vigilunee  program  was es-
tablished. Infesied areas were periodically
checked and all raout grass was putled and
removed from fields. In three vears the
grass has been ceradicated from CIATS
Hields, and in most locations, this was
accomplished  within 18 months,  This
practice should he followed by farmers
immediately  after discovering a new
intestation on their land. Hits removal s
delaved. the Likelihood of eradicating this
serionts weed iy reduced.

Since raoul grass s spreading rapidly in
many arcas of Colombia, un educational
campaign was conducted in cooperation
with  the  Instiiuto Colombiano
Agropecuario (JCA ). the Sociedad Colom-
biana de Control de Malezas v Fisiologia
Vepeta (COMALFT) and several herbicide
manufacturers. A total of 250 farmers,
agronomists and extension agents from
several areas attended a three-day program
one day cach in three locations to learn the
identification and biology of the weed and
how to prevent its spread and to eradicate
or control it once it appears.
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Table 5. Germination of seeds of 20 weed species over 24 months,

Age al Avg.
Group maximum germination Range in
and germination during 24 mo. germination
specics (mo) (%) (D)
Cyperaceac:
Cyperus esculentus 22 28 0-25
Cyperus rotundus 20 " 0- 2
Gramineae:
Andropogon bicornis 2 0.5 0- 4
Digitaria sanguinalis 12 13.2 0-42
Echinochloa colomun 2and 10 17.5 4-27
Fleusine indica 14 6.2 0-13
Leptochloa filiformis 12 35 0-26
Panicum fasciculatiom 20 34 0-16
Roubhoellia exaltata* 66.5 39 -89
Rotthoellia exaltata** 57.1 8- 88
Rorhocellia exaltata*** 12 422 0-92
Dicotyledons:
Amaranthus dubius 10 31.0 6-55
Corchorus orinocensis 22 3.7 0- 9.
Crotalaria striata 20 34.0 24 - 50
Eclipta alba 10 and 12 5.8 0-16
Euphorbia hypericifolia 6 10.3 0-50
Hetheranthera reniformis 12 0.8 0- 13
Ipomoea hederifolia 12 414 9-53
Leonatis hepetaefolia 0 9.7 2-51
Momordica charantia 6 53.2 18 - 80
Portulaca oleracea 8 54.9 39 - 66
Sida rhombifolia 6 28 l1- 6

* Dehulled seed stored and germinated
** Hulled seed stored and then germinated without the hul)
*** Hulled seed stored and Rerounated

Trials were also done to study the effects
of shade on the growth and development of
raoul grass. Pots seeded with raoul grass
were placed under shade chambers and
weekly observations were made.

In total darkness, the seeds germinated
but died two weeks after emergence (Table
6). Plant height increased as the shade
increased and the differences were greater
at 70 than at 35 days after planting,
Shading delayed tillering but only 73
percent or more shade markedly reduced
G-}

the number of tillers produced. Dry matter
production by foliage was high up to 80
percent shade. ‘

The sced production data show why
raovl grass is so aggressive. Numbers of
seeds per plant increased 46 percent when
under 47 percent shading, compared to
seeds produced on plants in full sunlight,
Apparently, it becomes more prolific in the
shade and this helps explain its competitive
nature with all crops. Even under 92
percent shade, 35 seeds per plant were



Table 6,

Response of Rowhocllia exaltata to shading.

Plant height (em)

No. of tillers

I8 days 70 days 35 days 7 days Foliage No. of

€t shading atter alter after after dry wr, seeds |

of plants planting planting planting planting (glplany plant*
0 2% 82 6 RIY; RH 257
30 30 107 26 in 98
47 37 128 2 R 472
55 le 137 R 16 1| 3o
63 XD 133 3 2 R 24
K 44 164 i It 28 228
S0 44 138 0 7 I 16}
92 5 87 0 4 4 i
100** - - - - - -

* Hanvedted 7 days atter planting

B0 do total darkness all plants died atter o weeks

produced. Thus, if raoul grass is allowed to
germinate, it will survive under most crop
cinopies.

Weed control short course

An intensive. one-month weed control
short course was held in mid-1975. with
financing from the US. Agency for
International  Development (AID). the
Oregon State International Plant Protec-
tion Center (IPPC) and CIAT. Thirty-one
agronomists from 12 Latin American
countries were selected to participate.
Those chosen had weed control research
responsibilities but limited experience. The
objective was to provide participants with
as much practical experience as possible
and to bring them up 1o date with the latest
principles and recommendations in weed
control,

Participants were divided into six teams
to facilitate field exercises and short-term
resciirch projects and also to stimulate
intergroup competition. The course was a
suceess from every point of view. Par-
ticipants increased their test scores 31
percent from the initial to the final exam
and rated the course highly in nearly every
category during a final evaluation. In

addition to increased competence acquired
by participants, CIAT established valuable
international contacts for future collabora-
tion.

EXPERIMENT STATION
OPERATIONS

The principal activities carried out at
CIAT during 1975 by personnel from this
unit were as follows:

® The needs of CIAT's research
programs (preparation and maintenance
of the experimental areas) and the Training
and Conferences Program’s crop produc-
tion courses were attended to,

® New plots to be used for experiments,
amounting to about 16 hectares. were
leveled and leached,

® Problems relating to the maintenance
of the station were taken care of as
necessury.,

® Three agricultural engineers from
Central America and Venezueln were
trained in  planning, developing  and
operating an experimental station.
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® A short training course on preparing
and leveling of land under water was given
to three officials from the Instituto
Nacional de Colonizacién vy Reforma
Agraria de Colombia (INCORA) and one
from the CARE mission in Colombia,

® A total of 432 hectares being
cultivated by CIAT's research programs
were irrigated,

® A total of 597 hectares were prepared
for experimental plantings, training
courses and commercial production.

® 1,840 meters of irrigation canals wete
designed and built; these were lined with a
mixture of soil and cement (8:1); total area
lined was 8,509 m2, In addition, 4] concrete
transitions and 9 boxes were incorporated

into the concrete portion of CIAT'
irrigation system.

® Maintenance was done on 37
kilometers of roads, 35 kilometers of
drainage canals and 39 kilometers of
irrigation canals.

® Six kilometers of fence were removed
and 31 kilometers maintained,

® Maize, sorghum, bewns and cassava
were grown comumercially in areas not
being utilized by training and research
activities.

® A continuous rice production
program was begun, planting ap-
proximately 4 ha|week in cooperation
with the Training and Conferences and
Rice Production Systems programs.

PUBLICATION*

JOHNSON, L. Experiment station development training, Cali, Colombia, CIAT, 1975. 32p.

Paper presented at Bellagio Agricultural Education Conference, 2nd.. The Rockefeller Feundation,

Bellagio, Italy, 1975.

* This list includes only journal articles published outside CIATs series,
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To the Board of Trustees of

Centro Internacional de Agricultura
Tropical (C1AT)

In our opinion, the accompanying balance sheet and the re-
lated statement of revenue and expenditures and unexpended funds pre-
sent fairly the financial position of Centro Internacional de
Agricultura Trepical (CIAT) at December 31, 1975 and the results of
its operationz for the year, in conformity with generally accepted
accounting principles applicd on a basis consistent with that of the
preceding year. Our examination of these statements was made in ac-
cordance with generally accepted auditing standards and accordingly
included such tests of the accounting records and such other auditing
procedures as we considered necessary in the circumstances.,

Qur examination also encompassed the schedules of analysis
of grants and related cxpenditures, carned income, comparison of ap-
proved budpet and actual cxpenditures and dates of receipt of grants
for the yvear ended December 31, 1975, which are presented as supple-
mentary intformation, and, in our opinton, these schedules present
fairly the information shown therein.

PM@. W st oL
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)

BALANCE SHEET
(Expressed in thousands of U.S. dollezs  Nojre 2)

December 31

1975 1974 1973 1972
ASSETS (NOTE 3)
CURRENT ASSETS:
Cash LIS 62 169 o7

Accounts receivable:

Donors (Note 1) 4197 199
Employees 69 73
Others B 289 287

~ BA5 859

Inventories (Note | ) 100 54
Prepaid expenses oA 17
Total current assets 1.099 1,202

FIXED ASSETS (Note 1):

Equipment 1,721 1,344 B0O2 7h8
Vehicles 593 H68 306 314
Vehicles {replacements) in transit 33
Furnishings and office equipment 930 901 378 369
Buildings 4,495 4,129 3,950 2,359
Other SO L RS 1 S S L
Total fixed assots . 7_“7 B o _{tfb_l
Total assets a5 _..D,066
LIABILITIES AND FUND BALANCES
CURRENT LIABILITIES:
Bank overdraft 7
Accounts payable i8]
Pay~"le to donors 25
Others LG
Total current labilities 313
GRANTS RECEIVED IN ADVANCE I
FUND BALANCES:
Invested in fixed assets 8,115 __T“HL_“ ___Gﬁ,g(_'vl)'_____ii_.ﬁg_-l_
Unexpended funds (deficit):
Core --
Unrestricted 303 32 ( 37 ( 12)
Working fund grant 600 100 100
Capital grants 185 628 176 891
Special projects ~
Donors 340 BRI 144 35
Other .5 ST S (U N ¢ 25)
LR L S -t S
Total fund balances 484 BeAo8 6,702 N i

Total liabilities und
fund balances 10,506

‘The notes on pages G-40 and G-41 are an integral part of the financial statements,
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIA'T)

STATEMENT OF REVENUE AND EXPENDITURES AND UNEXPENDED FUNDS3

(Expressed m thousands of V.S, dollars - Note 2)

Revenue:

Core:

Opernting grants -
Unrestricted
Restricted

Working fund grant

Capital grants

Total Core
Special projects
Farned income
Total revenue
Expenditures:
Care programs: -
Direct research -
Beefl
Swine
Cassava
Beans
Rice -
Maize
Small farm sy.tems

Research support
Total research

Training and conferences
Library and information services
Ad:ninistration expenses
General operiting costs

) Total Core programs
Special projects
Purchases of fixed assets

Total expenditures

Excess of revenue avee expendrtures:
Operating grants
Workiny fund grant
Capital grants
Special projects

Unexpended funds at beginning of
yrar )

Grants receivable for prior years
written off

Unexpended funds at end of year
(see balance shezt)

Year ended
December 31

1975 1974 1973 912
4,180 3,475 2672 2,986
1,090 1.030 790 133
500 100
R 1379 1614
6,027 AHTH 5,341 14,333
593 631 104 8
d39 4o o 168 98
6959 GRIT 5013 4529
813 721 661 417
211 930 w0 . 177
113 269 330 309
517 374 263 " 14
291 133 135 340
78 83 121 150
e R SR L UM R A
2,393 2,124 1747 1,517
328 BREES 20 B
2,701 2,470 1.977 1,062
627 520 518 371
438 276 149 w7
598 559 a40 44
986 b1 o ese 667
5,270 1,503 3,630 2 591
613 602 205 166
_T88 T 206 1426
6,651 6000 6441 4483
271 69 ( 89)
500 100
( 443) 453 ( 117) 188
{20} 197 99 (53
304 719 ( D18 46
1,061 342 §89 843
e )
1,369

The notes on pages G-41) and G-41 are an integral parl. of the finuncial statements.
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
NOTES TO FINANCIAL STATEMENTS

NOTE1 - ACCOUNTING POLICIES

The following significant accounting policies and practices of CIAT are set forth to
facilitate the understanding of data presented in the financial statements:

Iaventories —

Inventories are stated at the lower of cost or market value, cost being determined on
an average basis,

Fixed assets —
Fixed assets are recorded at cost.
Depreciation —

In conformity with generally accepted accounting principles applicable to nonprofit
organizations, CIAT does not record depreciation of its property and equipment,

NOTE 2 - FOREIGN EXCHANGE

All foreign exchange transactions are controlled by the Colombian government and,
accordingly, all foreign exchange received in Colombia must be sold through official
channels. The following exchange rates were used to translate Colombian pesos (P) to
U.S. dollars ($):

P/$1
Peso balances included in current 32.96 Year-end exchange rate
assets and current liabilities
Peso income and peso disbursements 31.02 Average monthly rate
for fixed assets and expenses of exchange applic-
able to sales of dol-
lars

NOTE 3 - OPERATIONS

CIAT operates under an agreement signed with the Colombian government, the most
important stipulations of which are as follows:

1. The agreement is for ten years from October 1967 but may be extended if
so desired by the parties thereto.

2. CIAT is of a permanent nature and termination of the agreement would not
imply ressation of CIAT's existence.

3. If CIAT ceases to exist, all of its assets will be transferred to a Colombian
educational or other institution considered appropriate by the parties to the
agreement,
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4. CIAT is exempt from all taxes.

5. CIAT is permitted to import, free of customs duties and other taxes, all the

equipment and material required for its programs.

6. The government provides land for CIAT's purposes under a rental contract for

ten years. at a nominal rent. This contract may be extended by mutual agree-

ment.

NOTE 4 - ACCOUNTS RECEIVABLE FROM DONORS

Accounts receivable from donors as at December 31,1975 comprised:

Interamerican Develcpment Bank:
Balance of 1975 grant ( Unrestricted Core)

The Rockefeller Foundation:
Balance of capite! grants
Special projects

United States Agency for Internitional
Development:
Special projects

International Development Research Centre
(Canaday}:
Special projects

Gthers
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Unrestricted Core:

The Ford Foundation

The Ruckefeller Foundation

United $tates Agency for
International Development

Interamerican Development
Bank

United Nations Environment
Program

World Rock Phosphate Institute

Balance from previous year

Income apglied in year

Total unresiricted Core

Restricted Core:
The W. K. Kellogg Foundation
Canadian International Develop-
" ment Agency

Total restricted Core

Working fund grants:
Government of the Netherlands
Government of Switzerland
Government of the Federal
Republic of Germany
Balance from prev,_us year

Total working fund grants

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
SUPPLEMENTARY INFORMATION
ANALYSIS OF GRANTS AND RELATED EXPENDITURES
FOR THE YEAR ENDED DECEMBER 31,1975
{Expressed in thousands of U.S. dollars)

Total
funds
available

Expenditures

SCHEDULE 1

9/o of library,

Library
Training and
Fixed Total and information Adminis-
assets rescarch conferengg services tration

administration
and general
operating to  Transfer to
General total research unexpended
operating and traicing_ balance

625
600

1,230

1,645

2,305 267 351 478

779 63 303

290

800

180 23 32

416 80 64 88

152 61

1,090

416 260 87 120

207 61

175
115

210
100

600

600
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Capital grants:

Government of the Federal
Repubiic of Germuany

United Kingdom - Ministry of
Overseas Development

Interamerican Development Bank

Palance from previous vear

Income applied in year

Total capital grants

Special projects (1):

The Ford Foundation

The Rockefetler Foundation

Urited States Agency for Inter-
national Developm.nt

Interamerican Development Bank

United Kingdom - Ministry of
Overseas Development

International Development Re-
search Centre (Canada)

laternational Board for Plant
Genetic Resources

International Fertilizer Devel-
opment Center

International Minerals & Chemical
Corporation

Others

Total special projects

Toual grants and expendi-
tures

SCHEDULE 1 {Cont.)

Expenditures O/o of library,
administration
Library and general
Total Training and operating to  Transfer to
funds Fixed Total and information  Adminis- General total research unexpended
available  assets resenrch conferences services tration operating und training  balance
134
23
100
628
G638
953 768 185
97 17 17 100 3
185 51 39 5 7 13 80
30 30
186 43 134 6 24 38 38 59)
126 41 4 7 27 74
123 67 13 2 4 28 37
50 11 39
15 4 11
25 3 1 33 21
56 41 15
593 240 244 36 35 57 26 281
8,019 768 2,961 771 174 633 1,043 1,369

Includes balunce brought forward from previous vear of US$300,000



CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)

SUPPLEMENTARY INFORMATION
EARNED INCOME FOR THE YEAR ENDED DECEMBER 31, 1975
(Expressed in thousands of U.S. dollars)

Sources of earned income:

Interest on deposits
Sale of farm produce and services
Use of CIAT facilities

Applied to:

G4

Unrestricted Core
Capital

271

SCHEDULE 2
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) ) SCHEDULE 3
SUPPLEMENTARY INFORMATION
COMPARISON OF APPROVED BUDGET AND ACTUAL EXPENDITURES
FOR THE YEAR ENDED DECEMBER 31, 1975

(Expressed in thousands or U.S. dollars)

Core unrestricted _Core restricted Capital
Approved Approved Approved
budget®  Actual budget*  Actual budget* Actual
Programs
Direct research:
Beef 836 B13
Swine 122 92 140 119
Cassava 206 164 236 249
Beans 512 517
Rice 223 201
Maize 96 78
Small farm systems 175 160
Research support 298 280 48 48
Training and conferences 311 267 274 260
Library and information services 347 351 87 87
Administration 475 ©4T8 120 120
General operating costs and other 768 779 185 207
Total 4,363 4,180 1,090 1,090
Capital
Fixed assets . 953 768
Total 953 768
Analysis of variances
Budget surplus: )
Transfer to unexpended balance 183 185
Total 183 185

* Revised budget approved by the Board of Trustees
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CENTRO INTERNACIONAL DE AGRICULTURA 'l'ROPlCA'L (CIAT) SCHEDULE 4
SUPPLEMENTARY INFORMATION
DATES OF RECEIPT OF GRANTS
FOR YEAR ENDED DECEMBER 31, 1975
(Expressed in thousands of U.S. dollars)

1976
Rec. 1975 Rec. rec. Net
at beg. rec. at yr. in 1975

of year inadv. Jan Feb Mar Apr May Jun Jul Aug  Sept Oct Nov Dec end adv. grants

Unrestricted Core:

The Ford Foundation 157 52 52 52 52 52 52 52 52 52 625
Tae Rceckefeller Foundation 305 18 18 28 31 19 16 21 S 17T 104 14 600
United States Agency for

International Development : 500 500 230 1,230
Interamerican Development Bank 947 349 249 1,645
United Nations Environment .
" Program 70 70
International Development .

Association 119 (110)
World Rock Phosphate * . :
. Institute .. . 10 - 10

L 305‘.‘175 128 80 653 71 568 83 1.008 299 505 66 349 (110) 4,180

Restricted Core: - -

The W.K. Kellogg Foundation _ T . 290 . 290
Canadian International Devel- ~ . . . .
"' opment Agency - B - . L 420 ’ 380 800
T s . : - 420 290 . 380 1,090
- Capital grants: ’ . " = T —
The Rockefelier Foundation ™ * (160) . o : 160
Government of thé Nether- ' ) : )

Jands 7 o T ) : 175 175
Government of Switzerland 115 - o 140 (140) 115
Government of the Federal . . . .

Republic of Germany -~ : 64" - 126 116 38 344
United Kingdom - Ministry of - ’
" Overseas Development - : _ . ’ 23 23
Interamerican Development . . s

Bank § : : . : : 100 100

A‘("IGO)A 115 64 126 175 116 106 38 163 160 (140) 757
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Special projects:

The Ford Foundation
The Rockefeller Foundation

United States Agency for Inter-

national Development

Interamerican Develcpment Bank
United Kingdom -

Ministry of

Overseas Development

International Development Re-

search Centre (Canada)
International Board for Plant -

Genetic Resources
Interniational Fertilizer Devel-

opment Center

international Minerals & Chem-
iczl Corporation

Others

. _dun_ Feb Mar_ Apr May Jun Jul Aug

Sept Oct Nov Dec

o

33

SCHEDULE 4 (Cont.)

1976

Rec. rec. Net
at yr. in 1975.
end adv. grants

47
136

30
90

o e
(9L

98

593

25

90
25
50 90
25 638

607

(250) 6,620
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